Risk of Listeria monocytogenes ingestion in consuming coleslaw purchased from food vendors in the Accra metropolis by Dogbe, E.E.
 RISK OF LISTERIA MONOCYTOGENES INGESTION IN CONSUMING 
COLESLAW PURCHASED FROM FOOD VENDORS IN THE ACCRA 
METROPOLIS. 
 
 
 
 
A THESIS SUBMITTED TO THE DEPARTMENT OF NUTRITION AND FOOD 
SCIENCE OF THE UNIVERSITY OF GHANA. 
 
 
BY: 
 
 
 
EDNA ESI DOGBE 
(10166629) 
 
 
 
IN PARTIAL FULFILLMENT OF THE REQUIREMENT FOR THE AWARD 
OF MASTER OF PHILOSOPHY. 
AUGUST, 2010 
 
 
  
i 
DECLARATION 
This is to certify that this thesis is the result of research undertaken by Edna Esi Dogbe 
towards the award of a Master in Philosophy in the Department of Nutrition and Food 
Science, University of Ghana. 
 
 
 
Edna Esi Dogbe (Candidate)  Prof. K. Tano-Debrah (Main Supervisor) 
………………………………  ……………………………… 
 
 
Dr. Betty Bediako-Amoa    Mr. George A. Annor  
………………………….   ………………………………. 
 
 
 
 
 
 
 
 
 
 
  
ii 
ABSTRACT 
It is very important that in managing food safety risks, the food, associated pathogen(s) 
and/or situations that lead to food borne illness are identified. It is also important to 
determine the magnitude of impact the risk has on public health (risk assessment). The 
microbial hazard Listeria monocytogenes has been associated with the vegetable 
cabbage (Brassica oleracea) and coleslaw an example of minimally processed 
vegetables with cabbage forming the predominant vegetable. This study was carried out 
to determine the prevalence and concentration of Listeria monocytogenes in fresh 
cabbage obtained from informal markets and commercially prepared ready-to-eat (RTE) 
coleslaw from food vendors in the Accra Metropolis. Detection and enumeration of L. 
monocytogenes was done using the 2009 edition of Health Protection Agency of Wales, 
UK standards for detection and enumeration of Listeria spp. To determine the magnitude 
of the impact of this hazard on public health, an exposure assessment through consumer 
survey was conducted with 300 vegetable consumers to determine how much (serving 
size) and how often (frequency/consumption rate) minimally processed vegetables such 
as coleslaw were consumed.  Washing and/or decontamination of vegetables is an 
important step in managing the identified hazard (or risk). Thus the study determined the 
effectiveness of some common washing and decontamination methods on reducing the 
contamination level by Listeria monocytogenes in fresh cabbage. Results from the 
survey suggested that 55% of respondents consumed about one soup ladle 
(approximately 80g) of minimally processed vegetables including coleslaw on daily 
basis.  Listeria monocytogenes was detected in 23 out of 24 samples of fresh cabbage 
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(95.8% prevalence rate) obtained from informal markets and road side stalls. The 
prevalence rate for ready-to-eat coleslaw was 80.1%. Mean concentration of the 
pathogen in fresh cabbage was determined to be 29.79 ± 0.4 cfu/25g of fresh cabbage; 
RTE coleslaw had 25.51 ± 0.5 cfu/25g of RTE coleslaw. Risk assessment was conducted 
using the probabilistic approach. Data obtained from the detection and enumeration 
analysis were fitted into the risk model together with certain factors that influence the 
food beginning from farm till it reached the consumer (farm-to-fork). Using Monte 
Carlo simulations, the risk of ingesting Listeria monocytogenes on consuming 
commercially prepared coleslaw obtained from food vendors in Accra Metropolis was 
estimated as 90%. Although some washing methods in terms of concentration of 
disinfectant, pH and temperature reduced contamination level by L. monocytogenes; log 
reductions were not statistically significant (P > 0.05). Contact time between cabbage 
and washing solution (irrespective of concentration of disinfectant, pH and temperature) 
significantly reduced (P = 0.044) contamination level by the hazard.       
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LIST OF DEFINITIONS 
Contamination: Introduction or the occurrence of a biological or chemical agent, 
foreign matter, or other substances in food that may compromise food safety.  
Detection of L. monocytogenes: Determination of presence or absence (prevalence) of 
the microorganism in a defined weight of food. 
Enumeration of L. monocytogenes: Determination of the number (concentration) of the 
microorganism per gram of food. 
Immunocompression: Human conditions that result in weakened immunity of an 
individual e.g. pregnancy. 
Minimally processed vegetables: Trimmed, peeled, sliced/shredded and washed and/or 
disinfected vegetables which may be combined with cooked vegetables, meat and pasta 
and/or salad dressing e.g. coleslaw.  
Potentially hazardous food: Food that has to be kept at certain temperatures to 
minimize the growth of any food borne pathogen(s) that may be present in the food or to 
prevent the formation of toxins in the food.  
Ready-to-eat (RTE): Food that is ordinarily consumed in the same state as that in 
which it is sold and does not include nuts in the shell and whole, raw fruits and 
vegetables that are intended for hulling, peeling or washing by the consumer.   
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CHAPTER 1 
1.1 Introduction 
Listeria monocytogenes is a pathogenic bacterium which causes a food borne illness 
called listeriosis in humans. It is a Gram-positive, non-spore forming, motile, and rod-
shaped organism, which occurs widely in nature among human beings, plants (including 
raw vegetables) and animals. The organism was first described in 1926 as the cause of 
an epizootic outbreak in guinea pigs and rabbits (Anonymous, 2004). It was not until it 
caused a large outbreak of invasive disease with a high case-fatality rate in the Maritime 
Provinces in Canada (Schlech et al., 1983) that it was recognized as a serious public 
health problem. The bacterium possesses a combination of properties that favor it as a 
food borne pathogen. Unlike other food borne pathogens, it is relatively resistant to acid 
and high salt concentrations; it grows at low temperature, down to freezing point, which 
means it may grow in refrigerated foods. Additionally, L. monocytogenes readily 
produces biofilm that helps it to survive for prolonged periods in food production plants; 
an example of survival for more than 10 years in the same production environment has 
been described (Ghandhi and Chikindas, 2007).  
Because of its ubiquitous nature, L. monocytogenes commonly contaminates raw 
produce and, through cross-contamination, other food items. Thus, all humans are 
routinely exposed to L. monocyotgenes (Swaminathan and Gerner-Smidt, 2007). L. 
monocytogenes is therefore primarily transmitted to humans through contaminated 
foods. Listeriosis is a serious disease acquired by ingestion of foods contaminated with 
Listeria monocytogenes. Populations at risk are the elderly, pregnant women, newborn 
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and individuals who are immunocompromised to some extent, such as people living with 
HIV/AIDS or on immunosuppressive drugs such as corticosteroids for cancer treatment, 
which reduce their T-cell mediated immunity (Rocourt and Cossart, 1997). Listeriosis 
has a long incubation time, making it difficult to identify the pathogen and trace the 
contaminated food. Meningitis, septicemia and other infections of the central nervous 
system are commonly seen in patients with listeriosis. In pregnant women, the disease 
may lead to spontaneous abortion, still birth or fetal death (Rocourt and Cossart, 1997). 
Febrile gastroenteritis may affect healthy persons with no known immunocompromising 
condition following ingestion of likely high numbers of organisms, after which the 
victim develops fever and diarrhea within 24 hours; however, the illness usually resolves 
spontaneously (Swaminathan and Gerner-Smidt, 2007). 
Human infection associated with the consumption of raw cabbage containing L. 
monocytogenes occurred in Canada in 1981 (Schlech et al., 1983).  Information obtained 
in this investigation strongly suggested that the source of the outbreak was coleslaw. 
Coleslaw obtained from the refrigerator of a patient was positive for L. monocytogenes 
serotype 4b, which was the serotype of the epidemic strain and the strain isolated from 
the patient‘s blood. The coleslaw had been commercially prepared with cabbage and 
carrots obtained from wholesalers and local farmers (Beuchat, 1996).  A statistical 
association of listeriosis with coleslaw was supported by identification of the epidemic 
strain in the implicated food. The coleslaw outbreak heightened interest in determining 
the prevalence of L. monocytogenes in fresh produce. Sizmur and Walker (1988) 
detected L. monocytogenes in four of 60 prepacked, ready-to-eat salads in the UK. 
Vegetables included in the two types of contaminated salads were cabbage, celery, 
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carrots, lettuce, cucumber, onion, leeks, watercress and fennel. A survey of 1000 
samples of 10 types of fresh produce at the retail level in the USA revealed the presence 
of L. monocytogenes on cabbage, cucumbers, potatoes and radishes (Heisick et al., 
1989b). In another survey, prepared mixed salads and two individual salad ingredients 
were found to contain L. monocytogenes (Velani and Roberts, 1991). The higher rate of 
contamination of prepared salads was attributed to cross contamination of the pathogen 
during chopping, mixing and packaging. The presence of L. monocytogenes in raw 
vegetables is likely due to contamination from decaying vegetation, animal faeces, soil, 
or effluents from sewage treatment operations (Beuchat, 1996). Thus, through 
contaminated vegetables, L. monocytogenes from natural habitats could get to the human 
food supply. The presence of L. monocytogenes on many types of raw and minimally 
processed vegetables destined for human consumption has been clearly demonstrated in 
many countries (Beuchat, 1996). 
Changes in life style and dietary patterns of consumers in Ghana in recent times have 
resulted in consumption of ready-to-eat foods and refrigerated or frozen food products.  
Fresh and minimally processed vegetables, (e.g. coleslaw) have become a common 
accompaniment to most urban fast food systems in Ghana. In Accra alone, about 
200,000 people consume from such accompaniment daily (Amoah et al., 2007). 
Cabbage (Brassica oleracea) is a popular vegetable cultivated and consumed in the 
urban and peri-urban areas of Ghana (particularly around Accra), where urban 
agriculture has boomed to meet a rising demand for fresh vegetables. Because of 
increase in demand by consumers, cabbage is now cultivated all year round. This serves 
as an important source of income for migrant farmers. Cabbage production can be a very 
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profitable activity, with a quick return on investment. However, the two main constraints 
associated with Cabbage production are scarcity of potable water to use in watering the 
vegetables, especially during the dry season; and attack by pests (Timbilla and Nyarko, 
2004). Due to the scarcity of potable water for vegetable irrigation, vegetable producers 
in the Accra Metropolis usually use low-quality water from drains, shallow wells, and 
streams to irrigate their produce, and also animal manure as fertilizer (Newman, 2005). 
Both the irrigation water and the manure could serve as potential pathways through 
which pathogens such as Listeria monocytogenes could get to humans (Francis et al., 
1999). Cabbage production is therefore associated with health and environmental risks 
due to contamination from polluted water used in irrigation. 
1.2 Rationale 
Listeria monocytogenes had previously been isolated from market produce such as 
cabbage, corn, lettuce, sprouts, potatoes, cucumbers, (Beuchat & Brackett, 1991; 
Odumeru et al., 1997). Little et al., (2007) found L. monocytogenes in ready-to-eat 
mixed salads in the United Kingdom. The incidence of food borne outbreaks caused by 
contaminated fresh vegetables has also been found to increase in recent years 
(Mukherjee et al., 2006) and this is due to recent changes in dietary pattern of 
consumers. Today, most consumers go in for ready-to-eat and convenient foods than 
they used to a decade ago.  The presence of L. monocytogenes in vegetables would be of 
public concern since vegetables are often consumed in the minimally processed form. In 
Ghana minimally processed vegetables in the form of salads or coleslaws accompany 
most local and continental dishes; this has become an accompaniment to most fast foods 
as well as street vended foods. Since vegetables which are usually consumed raw can act 
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as vehicles for transmitting pathogenic enteric diseases (Ayres et al., 1980), the safety of 
vegetables is a great concern, because vegetable consumption is actively promoted 
throughout the world as an essential component of a healthy diet. In Ghana, vegetables 
are usually purchased from informal markets and the conditions prevailing in these 
markets make foodstuffs, especially vegetables prone to contamination by pathogens 
which may include L. monocytogenes. The conditions include poor sanitations in the 
market centers, lack of places of convenience, lack of constant supply of potable water 
and lack of cold storage systems among others. Several outbreaks of L. monocytogenes 
infection associated with fresh produce have been reported from various parts of the 
world (Beuchat, 1996; Broome et al., 1990; Gorny, 2006; Meldrum et al., 2009; 
Nguyen-the & Carlin, 1994). However, the occurrence of the organism in fresh cut 
vegetables has not been recognized in Ghana. Although many of the manifestations of L. 
monocytogenes infection have been observed in several parts of Ghana, the prevalence 
of L. monocytogenes in raw vegetables and thus commercially prepared coleslaw is 
unknown. This may pose a risk to public health and especially to at risk persons such as 
the elderly, pregnant women and other immunocompromised individuals. 
1.3 Hypothesis 
 Fresh cabbage obtained from informal markets in the Accra Metropolis may not 
be contaminated with L. monocytogenes. 
 Commercially prepared coleslaw at the point of consumption, in the Accra 
Metropolis may not be contaminated with L. monocytogenes. 
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 Consumers of commercially prepared coleslaw in the Accra Metropolis may not 
be at the risk of ingesting L. monocytogenes. 
1.4 Objectives 
 To determine the prevalence and concentration of L. monocytogenes in fresh 
cabbage obtained from informal market in the Accra Metropolis and in 
commercially prepared coleslaw obtained from street vended foods and 
restaurants in the Accra Metropolis. 
 To assess the risk of L. monocytogenes ingestion in consuming commercially 
prepared coleslaw from food vendors in the Accra Metropolis. 
1.4.1 Specific objectives 
 
1. Conduct consumer survey in the Accra Metropolis using structured questionnaires to 
determine: 
 Vegetables consumption pattern of consumers. 
 The food safety awareness and practices by consumers. 
2. Detect (prevalence) and enumerate (concentration) Listeria monocytogenes in samples 
of:  
 Fresh cabbage obtained from informal markets and road side stalls in the 
Accra Metropolis. 
 Commercially prepared coleslaw obtained from street food vendors and 
restaurants in the Accra Metropolis. 
3. Conduct a risk assessment on L. monocytogenes ingestion in consuming commercially   
prepared coleslaw from food vendors in the Accra Metropolis. 
  
7 
4. Determine the effectiveness of some common washing and decontamination methods 
in reducing the contamination level of cabbage by L. monocytogenes. 
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CHAPTER 2 LITERATURE REVIEW 
2.1 The organism  
Listeria monocytogenes is a pathogenic bacterium which is small, Gram-positive non-
spore forming, motile, and rod-shaped. The organism occurs widely in nature both 
among human beings and animals. It was identified in 1926 by Murray, Webb, and 
Swann who named the microbe Bacterium monocytogenes. Pirie, in 1927, renamed it 
Listerella hepatolytica, and then gave the organism its current name in 1940 (Lake et al., 
2005). L. monocytogenes is widely distributed in many different habitats including soil, 
ground water, silage (animal feed), and decaying vegetation. Six species of the genus 
Listeria have been recognized (ICMSF, 1996). L. innocua and L. murrayi. (syn. L. 
grayi) are considered non-pathogenic; while L. seeligeri, L. ivanovii, and L. welshimeri 
rarely cause human infection. L. monocytogenes is the most important species with 
respect to human health. It is one of the most virulent food borne pathogens with 20-
45% of clinical infections resulting in death (Jay et al, 2005). L. monocytogenes has 
been recognized to cause two forms of diseases: a serious invasive disease - listeriosis 
and a non-invasive gastroenteritis – febrile gastroenteritis (Lake et al., 2005).  
2.2 Factors influencing growth and survival of L. monocytogenes 
The growth temperature of L. monocytogenes ranges from –0.4 to 45°C, with an 
optimum growth temperature of 37°C, it also grows at refrigeration temperatures (4°C) 
(ICMSF, 1996). Aside from temperature, Listeria growth is strongly influenced by pH, 
thus the organism grows in a pH range of 4.4 - 9.4, and has an optimum of 7.0 (ICMSF, 
1996). Listeria grows optimally under microaerophilic conditions but grows well both 
aerobically and anaerobically (anaerobic incubation has been shown to be more 
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conducive to Listeria growth or survival than aerobic incubation) (AIFST, 2003). Lower 
water activity levels (aw) beyond which Listeria cannot grow are; 0.90 at 30°C in 
glycerol, 0.92 in sodium chloride (NaCl) and 0.92 in sucrose. The organism can grow in 
NaCl solutions up to 10%, while some laboratories report growth at up to 12% NaCl  (if 
pH is sufficiently high) (AIFST, 2003). 
2.3 Sources of Listeria 
2.3.1 Human  
 
Listeria monocytogenes is carried asymptomatically in the faeces of 2-6% of healthy 
persons in the population. Person-to-person spread (other than mother to foetus) is not 
often recorded but has been recognized. Up to 30% of case contacts may carry the 
organism. L. monocytogenes is shed in high numbers (≥ 10
4
/g) in the faeces of infected 
people (Lake et al., 2005). 
2.3.2 Animals 
  
Listeria monocytogenes can cause disease in animals, and veterinarians were originally 
considered to be an at risk group. Listeria can also be present in the faeces of healthy 
animals. The organism can cause listerial mastitis (Back et al., 1993) in milk producing 
animals; it can be excreted in milk of healthy cows (Vizcaino and Garcia, 1975) and 
goats (Løken et al., 1982) as well as mastitis infected animals. The organism can also be 
found on raw chicken and other raw meats. Improperly made silage can be a source of 
domestic animal infection.  
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2.3.3 Food  
Listeria monocytogenes is considered as potentially present in all raw foods and 
ingredients. It may be present in cooked foods as a result of post-cooking contamination. 
Foods most often associated with human listeriosis include industrially processed ready-
to-eat (RTE) foods that: 
1. Support growth of L. monocytogenes,  
2. Have a long recommended refrigerated shelf-life, 
3. Are consumed without further listericidal treatments, e.g. cooking (Pinner et al., 
1992; Rocourt, 1996; FDA/FSIS, 2001; Nørrung et al., 1999). 
According to the Codex definition (CAC, 1999b), RTE include any food (including 
beverages) that is normally consumed in its raw state, or any food handled, processed, 
mixed, cooked or otherwise prepared into a form in which it is normally consumed 
without further processing. RTE foods differ in different countries, according to local 
eating habits, availability and the integrity of the chill chain and regulations specifying, 
for example, the maximum temperature at retail level. Foods such as milk and dairy 
products, various meats and meat products such as beef, pork, fermented sausages, fresh 
produce such as radishes, cabbage, seafood and fish products have all been associated 
with Listeria contamination (Rocourt and Cossart, 1997). 
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2.3.4 Environment 
 
Listeria monocytogenes is widespread in the environment including soil, vegetation, 
water and sewage. Its wide distribution in the environment makes the organism present 
in a wide variety of raw food materials (Lake et al., 2005). 
2.3.5 Transmission routes 
 
It is now widely recognized that listeriosis is largely attributable to food borne 
transmission of the microorganism. Most cases of human listeriosis are sporadic or 
involve outbreaks that are typically diffused in terms of time or geographical location, or 
both. Other modes of transmission for L. monocytogenes can include vertical (mother to 
child), zoonotic (animal to human) or nosocomial (hospital acquired). It was not until 
several large, common-source outbreaks of listeriosis occurred in North America and 
Europe during the 1980s that the significance of foods as the primary route of 
transmission for human exposure to L. monocytogenes was recognized (Broome et al., 
1990; Bille, 1990). 
2.4 Mechanisms of survival under some adverse environmental conditions 
 
2.4.1 Stress response of Listeria 
 
Microorganisms are able to ‗sense‘ and adapt to constantly changing environments in 
which they find themselves. This characteristic is essential for the growth and survival 
of microorganisms. L. monocytogenes is a Gram-positive pathogen with the ability to 
adapt to a wide range of conditions such as refrigeration temperatures (2 – 45°C), acidic 
foods, high salt foods and within the host immune system (Rocourt and Cossart, 1997). 
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The ability of L. monocytogenes to adapt to harsh environments makes it a pathogen of 
food safety concern. 
2.4.2 Survival at low temperatures 
The survival and growth of Listeria at refrigeration temperatures (2 – 4 °C) are two of 
the many factors that make the control of this food borne pathogen difficult (Rocourt 
and Cossart, 1997), since refrigeration is one of the most common ways to increase the 
shelf life of foods, particularly foods which are consumed without any further processing 
such as refrigerated salads and coleslaws. Understanding the mechanisms behind the 
survival and growth of the organism under adverse conditions such as low temperature, 
acid stress and osmotic stress among others, could provide information to help develop 
more effective control methods for the pathogen. 
2.4.2.1 Changes in membrane composition 
 
The lipids in the membranes of bacterial cells are in a fluid, crystalline state and this 
physical state is important to maintain membrane fluidity required for proper enzyme 
activity and transport. Changes in temperature lead to an alteration in the membrane 
lipid composition to maintain the ideal membrane fluidity. A high proportion of iso and 
anteiso, odd-numbered, branched-chain fatty acids characterize the cell membrane of 
Listeria (Annous et al., 1997). When the temperature is reduced below optimum (7°C), 
changes that occur in the membranes of the Listeria cell include an increase in the 
proportion of carbon (C)15:0 at the expense of C17:0, and the degree of unsaturated 
fatty acids, which helps enhance the fluidity of the membrane (Beales, 2004).  This leads 
to fatty acid shortening (due to a decrease in C17:0) and a switch from iso to anteiso 
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branching (i-C15:0 to a-C15:0) (Annous et al., 1997). The shortening of fatty acid chain 
length decreases the carbon–carbon interaction between neighboring chains in the cell 
membrane and this helps maintain the optimum degree of membrane fluidity for growth 
at low temperatures (Beales, 2004). 
2.4.2.2 Changes in gene expression and induction of proteins 
 
In response to a temperature downshock, L. monocytogenes produces cold shock 
proteins (Csps) and cold acclimation proteins (Caps) which are synthesized during 
balanced growth at low temperatures (Bayles et al., 1996). Cold acclimation of a 
pathogen is accompanied by changes in microbial gene expression (Liu et al., 2002). 
Increased expression of messenger Ribonucleic acid (mRNA) for chaperone proteases 
such as GroEL, ClpP and ClpB indicates that these enzymes may be involved in the 
degradation of abnormal or damaged polypeptides that arise due to growth at low 
temperatures (Liu et al., 2002). 
2.4.3 Survival under acid stress 
Listeria monocytogenes encounters a low-pH environment in acidic foods, during gastric 
passage and in the phagosome of the macrophage (Cotter and Hill, 2003). The pathogen 
responds to and survives in these low-pH environments by utilizing a number of stress 
adaptation mechanisms. Exposure of L. monocytogenes to mild acidic pH of 5.5 (1 M 
lactic acid) induces the acid tolerance response (ATR), wherein the cells are resistant to 
severe acidic conditions (O'Driscoll et al., 1996). 
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2.4.3.1 Induction of proteins 
 
The protein GroEL which is synthesized during the growth of Listeria at low 
temperature is also induced under acid stress. Other proteins induced are ATP synthase 
and various transcriptional regulators (Phan-Thanh and Mahouin, 1999). Acid-adapted 
L. monocytogenes (pH 5.2, 2 h) has increased resistance to heat shock (52°C), osmotic 
shock (25 – 30% NaCl) and alcohol stress, suggesting that acid adaptation also provides 
cross-protection against other stress factors (Phan-Thanh et al., 2000). The cross-
resistance of acid adapted cells to other stresses has important implications for the food 
industry, particularly since foods commonly encounter sublethal acidic treatments 
during processing (van Schaik et al., 1999). 
2.4.4 Survival under osmotic stress 
The response of microorganisms to osmotic stress involves both physiological changes 
and variations of gene expression patterns and is called osmoadaptation (Hill et al., 
2002). The use of salt to lower the water activity of foods is one of the traditional 
methods of food preservation; thus the ability of Listeria to adapt and survive in high 
concentrations of salt makes it difficult to control the pathogen in foods preserved 
through salting. 
2.4.4.1 Induction of proteins 
 
One of the mechanisms used by Listeria to tolerate salt stress is a change in its gene 
expression leading to an increased or decreased synthesis of various proteins. Similar to 
the two groups of proteins induced in response to cold shock (Csp and Cap), salt shock 
proteins (Ssp) and the stress acclimation proteins (Sap), are rapidly induced by Listeria 
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in response to osmotic stress and continue to be over expressed several hours after 
conditions return to normal (Bayles et al., 1996; Duche et al., 2002a). Two general stress 
proteins (DnaK and Ctc) are identified among the Ssps induced in L. monocytogenes. 
DnaK functions as a heat shock protein, stabilizing cellular proteins. The Ctc gene is 
involved in the resistance of L. monocytogenes to high osmolarity in the absence of 
osmoprotectants such as glycine betaine and carnitine in the medium (Gardan et al., 
2003). 
2.4.4.2 Compatible solutes as osmoprotectants 
 
These are highly soluble compounds that have no net charge at physiological pH and can 
be accumulated at high concentrations within a cell without affecting cellular functions. 
Glycine betaine, proline betaine, acetyl carnitine, carnitine, ϒ-butyrobetaine and 3-
dimethylsulphoniopropionate function as osmoprotectants in L. monocytogenes (Bayles 
and Wilkinson 2000). The presence of these compounds result in an up to 2.6-fold 
increase in growth rate of salt-stressed cells compared to stressed cells without any 
osmoprotectants. The cells take up osmolytes from the external environment as a 
response to osmotic stress, which helps to regain the osmotic balance within cells 
(Bayles and Wilkinson, 2000). 
In addition to individual stress factors, it is worth noting that cross-protection to 
environmental stresses is commonly seen as part of the stress response of Listeria in 
foods. This characteristic of Listeria is considered crucial when deciding on food 
processing and preservation parameters, since exposure of the pathogen to one kind of 
sub-lethal stress can confer cross-protection to other lethal stresses (Ghandi and 
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Chikindas, 2007). Studies have shown that acid-adapted strains of L. monocytogenes 
isolated from cheese showed enhanced survival in salt stress (20% NaCl) compared to 
the non-adapted strains. The reverse, where induction of an acid tolerance response 
occurs following osmoadaptation was also investigated, the results showed that 
osmoadaptation resulted in the induction of ATR and the cells were able to survive 
lethal acidic conditions, but there were strain differences in the acid response (Faleiro et 
al., 2003).  
2.5 Listeria and human listeriosis 
Listeriosis, caused by L. monocytogenes, is a food borne disease of great public health 
concern due to its clinical severity and high mortality rate, particularly in pregnant 
women, newborns, the elderly and the immunocompromised (Adak et al., 2002; 
McLauchlin et al., 2004). The disease is predominantly caused by the consumption of 
contaminated foods with a diverse range; mainly ready-to-eat (RTE) foods have been 
implicated, and outbreaks have been associated with commercially manufactured RTE 
foods (McLauchlin et al., 2004; Rocourt et al., 2003). The incubation period between 
exposure (consumption of contaminated foods) and onset of listeriosis varies between 1 
day and 3 months (Linnan et al., 1988). Listeriosis can occur at any stage of pregnancy 
and manifests as severe systemic infection in the unborn or newly delivered infant as 
well as a mild influenza-like bacteraemic illness in the pregnant woman (McLauchlin et 
al., 2004). Listeriosis in children older than 1 month is very rare, except in those with 
underlying disease. In adults and juveniles, the main presentations are as central nervous 
system infection and/or septicaemia. The majority of cases in adults and juveniles occur 
amongst the immuno-suppressed, i.e. patients receiving steroid or cytotoxic therapy or 
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with malignant neoplasms. Other ‗at risk‘ groups include patients with AIDS, diabetics, 
individuals with prosthetic heart valves or replacement joints and individuals with 
alcoholism or alcoholic liver disease (McLauchlin et al., 2004). Approximately one-third 
of patients with listerial meningitis and around 10% with primary bacteraemia are 
immuno-competent (Smerdon et al., 2001). Cutaneous and ocular listeriosis can occur 
(especially after contact with infected animals or animal material), and these may 
proceed to serious systemic infection. Listeriosis incidence can be subclinical, and 
therefore likely to be under diagnosed. In addition to the mild influenza like illness, 
ocular and cutaneous listeriosis, gastroenteritis with fever has been recently reported in 
the USA, Italy and Scandinavia (Riedo et al., 1994; Salamina et al., 1996; Dalton et al., 
1997; Heitmann et al., 1997; Miettinen et al., 1999; Aureli et al., 2000). However, 
diarrhoeal illness is not a feature of all outbreaks (Linnan et al., 1988) and may be 
specific to certain L. monocytogenes strains. The mortality rate in systemic listeriosis has 
been estimated between 20% and 40% (Farber and Peterkin, 1991), and survivors, 
particularly those where the organism has invaded the central nervous system, can 
develop serious long-term sequelae. In England and Wales, an incidence of 1.7 to 2.4 
cases per million between 1995 and 1999 was estimated (McLauchlin et al., 2001). This 
compares with 5.4 and 9.4 cases per million in France and the USA respectively  within 
the same time frame (Goulet et al., 2001; Mead et al., 1999). Figure 2.1 illustrates total 
annual incidence of reported cases of human listeriosis in England and Wales between 
1983 and 2001. 
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Fig. 2.1: Annual totals and incidence of reported human listeriosis cases in England and 
Wales, by year of specimen. 1983– 2001. 
 Source: McLauchlin et al., 2004. 
Most cases of food borne illnesses are sporadic and may not get accounted as part of an 
outbreak. Among the factors that account for this are consumer awareness and disease 
surveillance by the local and state public health departments. Varying incubation periods 
and severity of a disease affect the degree of reporting of food borne illnesses and 
outbreaks (Olsen et al., 2000). Some cases may not be diagnosed because the correct 
microbiological investigations are not performed, e.g. some cases are diagnosed only at 
necropsy (which is not performed on all patients); also early foetal loss in gestation is 
rarely microbiologically investigated because the products of conception are usually not 
available (McLauchlin et al., 1988). In addition, cases of diarrhoeal disease with fever 
are rarely investigated for listeriosis since media for the isolation of Listeria from faeces 
and the use of blood cultures are not routinely used to investigate these types of 
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infections. In some instances, cases diagnosed are not reported to the Health Protection 
Agency (McLauchlin et al., 1988).  
A study on food borne illness in England and Wales in 2000, identified listeriosis as 
third to Campylobacter and Salmonella infections; and as the fourth most common cause 
of death (Adak et al., 2002). Pregnancy and neonatal disease accounted for 10–20% of 
cases. Among these, 15–25% of infections lead to abortion and stillbirth, while about 
70% were neonatal infections. In about 5% of cases, maternal infection (bacteraemia) 
occurs and the foetus is not affected (Smerdon et al., 2001). It was observed that the 
incidence of infection increased with age so that the mean age of adult infections is over 
55 years. Men were more commonly infected than women over the age of 40 years, and 
since women were infected in the childbearing years the overall sex distribution is more 
or less equal (McLauchlin et al., 2004). Figure 2 illustrates incidence of listeriosis in 
England and Wales in relation to immunosuppression. Immuno-suppression is a major 
risk factor for both the epidemic and sporadic forms of listeriosis and probably accounts 
for the increasing incidence with age (Smerdon et al., 2001). Differences in incidence 
may be a result of other factors than differing susceptibility, for example food storage 
practices are likely to be poor in the older age groups (Johnson et al., 1998). 
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Fig. 2.2: Age and sex distribution and age-specific incidence of non-pregnancy (NP) 
associated listeriosis, 1995 to 1999, England and Wales.  
Source: McLauchlin et al., 2004. 
2.6 Listeriosis in Ghana 
Listeriosis is predominantly caused by the consumption of contaminated foods with a 
diverse range. Ready-to-eat (RTE) foods have mainly been implicated, and most 
outbreaks have been associated with commercially manufactured foods (McLauchlin et 
al., 2004; Rocourt et al., 2003). In developing countries such as Ghana, not much is 
known about L. monocytogenes and listeriosis; factors contributing to this may be 
similar if not the same as those stated by Olsen et al., (2000). There have been no 
reported cases of listeriosis in Ghana although many of the manifestations of L. 
monocytogenes infection have been observed in several parts of the country; an 
indication that ―at risk‖ people could be consuming foods contaminated with L. 
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monocytogenes. Changes in lifestyle and dietary pattern of consumers in recent times 
have resulted in the consumption of commercially prepared RTE foods obtained from 
street food vending points, restaurants and canteens among others. Minimally processed 
vegetables which may consist of trimmed, peeled, sliced/shredded and washed and/or 
decontaminated vegetables (e.g. coleslaw) have become a major accompaniment to most 
RTE foods. In Accra alone about 200,000 people consume from such accompaniment on 
daily basis (Amoah et al., 2007).   
2.7 Disease mechanism 
Listeria monocytogenes is a soil organism, which has evolved the ability to invade and 
mobilize within eukaryotic cells, probably to some lower eukaryotic multi-cellular soil 
organism (McLauchlin, 1997). The bacterium is not host adapted to man, rather a 
marginal and opportunistic pathogen, with multiple routes of infection and disease 
presentations; thus it is unlikely to have a single infective dose. Ingestion of usually 
heavily contaminated foods is the principal route of infection (McLauchlin, 1996a). In 
the food route, invasion may take place from sites in the nasopharyngeal or upper part of 
the alimentary tract. Contaminated food passes to the stomach where the acid 
environment may kill many of the L. monocytogenes. There is evidence supporting the 
role of antacid therapy in increasing susceptibility of some groups of patients (Fleming 
et al., 1995) and in experimental animal infection (Schlech et al., 1983). The buffering 
capacity of some food types may also be important in facilitating the survival of the 
organism, which may then invade sites further along the gastrointestinal tract. Other 
routes of infection may occur, and, in experimental animals, septicaemia can be 
achieved with contaminated aerosols via the respiratory route (Bracegirdle et al., 1994). 
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Evidence supporting the possibility of infection via the respiratory route comes from one 
of the cases in a food-borne outbreak in Canada in 1981 (Schlech et al., 1983) in which 
septicaemia and aspiration pneumonia developed after eating contaminated coleslaw. 
Analysis of orally inoculated animals suggests that the small intestine is the primary site 
of invasion, although the exact anatomical site and mode of infection are not well 
understood (Vazquez-Boland et al., 2001). The mechanism of the diarrhoeal illness, 
which presumably occurs at this stage, is not known. Following oral inoculation of 
animals, the bacteria can be observed, together with an inflammatory reaction, in 
phagocytic cells in the underlying lamina propria of the caecum and colon (Vazquez-
Boland et al., 2001). 
Following this phase, invasion of the uterine contents or central nervous system (for 
patients with shorter incubation periods) may occur via the circulatory system. However, 
judging by the relatively mild course of L. monocytogenes bacteraemia in pregnant 
women (McLauchlin et al., 1990), the majority of individuals will successfully resolve 
this initial invasion. In experimentally infected animals, the organism is cleared from the 
blood by the phagocytic cells in the liver (Kupffer cells) and spleen, although invasion 
of other cell types (e.g. hepatocytes) may also occur. In the non-activated phagocytic 
cells, some bacteria will survive and subsequently spread to other host cells (e.g. 
hepatocytes) using the process described in the following section. In majority of 
individuals the localized lesions in the liver and the spleen are likely to resolve 
successfully, however, the intracellular nature of L. monocytogenes may not allow 
complete eradication, thus the  bacterium survives at these and other sites after 
successive invasion of other organs. This may explain the relatively long incubation 
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periods (up to 3 months) shown in some patients after consumption of contaminated 
foods (Linnan et al., 1988). Intra-uterine infection of the fetus results from 
haematogenous spread from the mother. Abscess formation takes place in the placenta, 
and this may spread via the umbilical vein or the amniotic fluid to the foetal internal 
organs. The series of pyrexial episodes observed in the mother may result from 
reinvasion of maternal blood stream from placental sites. L. monocytogenes is able to 
survive and grow in amniotic fluid, and aspiration of this leads to the pathological 
changes in the foetal respiratory tracts. The presence of high numbers of the organism in 
amniotic fluid results in widespread contamination of newborn infant and maternal sites 
at delivery, as well as the postnatal environment, and may result in additional neonatal 
cases due to cross-infection (McLauchlin et al., 1986; Bortolussi and Schlech, 1995). 
2.8 Listeria in vegetables 
Vegetables play a significant role in human nutrition, especially as sources of vitamins 
(C and E), minerals, dietary fibre and phytochemicals (such as phenolics, limonene and 
carotenoids) which help protect cellular systems from oxidative damage and lower the 
risk of major chronic diseases (Lui 2003). Consumption of vegetables has been strongly 
associated with reduced risk of cardiovascular disease, cancer, diabetes, Alzheimer 
disease, cataracts, and age-related functional decline (Willet, 1995). 
Vegetables are highly susceptible to microbiological contamination due to lack of good 
agricultural practices by use of untreated water, inappropriate organic fertilizers and 
malpractices during harvesting, handling and distribution (Francis et al., 1999). Figure 3 
shows potential mechanisms through which microorganism and food borne pathogens 
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can contaminate fresh vegetables. Contamination of vegetables on the fields could occur 
through the irrigation water used, the method of applying irrigation water and also the 
type of fertilizer used on the farm; during post-harvest handling practices; during 
preparation by street vendors, in food-service establishments and in the home through 
cross contamination during chopping mixing and packaging of the vegetables and other 
ingredients. 
 
Fig. 2.3: Potential pathways by which raw vegetables may become contaminated with 
pathogenic microorganisms. 
Source: Beuchat, 1996. 
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RTE vegetables habour large and diverse populations of microorganisms and counts of 
10
5
 – 107 colony forming units per gram (cfu/g) are frequently present. Eighty to ninety 
percent of the organisms are Gram negative bacteria, predominant are Pseudomonas, 
Enterobacter or Erwinia spp (Marchetti et al., 1992). However, food borne pathogens 
may be present in RTE vegetable, and a number of food borne diseases have been traced 
to RTE vegetables. Among the pathogens most often associated with RTE vegetables is 
L. monocytogenes. Table 2.1 provides some examples of food borne pathogens 
associated with the consumption of some raw vegetables. 
Table 2.1Examples of food borne infections linked to the consumption of raw vegetables 
Microorganism        Product suspected          Country            Reference   
Listeria                   Shredded cabbage in coleslaw    Canada   Schlech et al., 1983 
monocytogenes       Raw vegetables in salad             UK          Ho et al.,1986 
         Salted mushtooms        Sweden      Nguyen-the & Carlin, 1994 
Cl. botulinum      Shredded cabbage in coleslaw    US     Solomon et al., 1990 
Salmonella  Beansprouts                      UK            O‘Mahony et al., 1990 
Enterohaemorrhagic   Salads of raw vegetables    Mexico      Nguyen-the & Carlin, 1994 
E. coli 
Vibro Cholerae Cabbage        Peru            Nguyen-the & Carlin, 1994  
Virus hepatits A Lettuce                  US             Nguyen-the & Carlin, 1994 
 
Source: Francis et al., 1999. 
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L. monocytogenes is therefore likely to be present in RTE coleslaw and salad in Ghana 
due to factors such as the use of polluted irrigation water and fresh poultry manure, both 
of which are applied directly on the vegetables. Another contamination source is market-
related handling especially where provision for better sanitary standards (e.g. clean 
water for crop washing and ‗refreshing‘) are lacking (Amaoh et al., 2009). 
Epidemiological evidence from specific outbreaks confirm that water used in irrigation 
can transfer human pathogens to a variety of growing vegetables and also introduce the 
pathogens to the production environment (Amoah et al., 2005; Song et al., 2006). Table 
2.2 provides data on coliform levels in marketed vegetables irrigated with untreated 
wastewater. Poor irrigation water quality indicated by elevated faecal coliform counts 
has long been known to correlate with the incidence of human pathogens in leafy 
vegetable crops (Norman and Kabler, 1953). Studies carried out in both developing and 
in developed countries have provided convincing evidence that helminthic diseases 
caused by Ascaris and Trichuris and bacterial diseases such as cholera are endemic in 
populations  that consume salad vegetables irrigated with raw or untreated sewage 
(Shuval et al., 1985). 
Table 2.2: Coliform levels in vegetables in major markets in Kumasi 
Vegetable     Total coliforms per gram  Feacal coliforms per gram 
Lettuce    1.5 x 10
7 – 2.0 x 109   3.9 x 106 – 2.1x 108 
Spring onions    1.5 x 10
6
 – 4.0 x 108  1.5 x 106 – 2.0 x 109 
Cabbage             1.5 x 10
7
 – 1.5 x 109  1.5 x 105 – 4.0 x 106 
Source: Amoah, et al., 2009. 
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2.9 Vegetables as vehicles for listeriosis 
L. monocytogenes had previously been isolated from market produce such as cabbage, 
corn, lettuce, sprouts, potatoes, cucumbers, parsley and watercress (Beuchat & Brackett, 
1991; Odumeru et al., 1997; Wong et al., 1990). Little et al., (2007) found L. 
monocytogenes in ready-to-eat mixed salads in the United Kingdom. Several outbreaks 
of L. monocytogenes infection associated with fresh produce have been reported from 
various parts of the world (Beuchat, 1996; Broome et al., 1990; Gorny, 2006; Meldrum 
et al., 2009; Nguyen-the & Carlin, 1994). The incidence of food borne outbreaks caused 
by contaminated fresh fruit and vegetables has also been found to increase in recent 
years (Mukherjee et al., 2006). Listeria monocytogenes grows at temperatures as low as 
2°C (Rocourt and Cossart, 1997) and can thrive in cool, wet areas in processing 
facilities. It can also grow on lettuce (Beuchat and Brackett, 1990a), tomatoes (Beuchat 
and Brackett, 1991), asparagus, broccoli and cauliflower (Berrang et al., 1989b) and 
cabbage (Beuchat et al., 1986); but appears to be inhibited by carrot juice (Beuchat et 
al., 1994; Beuchat and Doyle, 1995; Nguyen-the and Lund, 1992). The risk of listeriosis 
increases when these vegetables are stored for longer periods before consumption 
because L. monocytogenes has a greater opportunity to increase. In an outbreak of L. 
monocytogenes infection in 1979 involving 23 patients from eight Boston hospitals, 
twenty (87%) of the isolates were L. monocytogenes serotyped during the 26 months 
preceding the outbreak (Ho et al., 1986). It was concluded that the consumption of raw 
vegetables which included raw celery, tomatoes and lettuce could have caused the 
listeriosis outbreak. Human infection associated with the consumption of raw cabbage 
containing L. monocytogenes occurred in Canada in 1981 (Schlech et al., 1983).
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A survey revealed that cases were more likely than controls to have consumed coleslaw 
in the three months before the onset of illness. Coleslaw obtained from the refrigerator 
of a patient was positive for L. monocytogenes serotype 4b, which was the serotype of 
the epidemic strain and the strain isolated from the patient‘s blood. The coleslaw had 
been commercially prepared with cabbage and carrots obtained from wholesalers and 
local farmers. An investigation of the sources of raw vegetables identified a farmer who, 
in addition to raising cabbage, also maintained a flock of sheep. A review of the farmer‘s 
agronomic practices revealed that both composted and raw sheep manure had been 
applied to fields in which cabbage was grown. A shipment of cabbage during the period 
of the outbreak was traced to the implicated coleslaw processor. Information obtained in 
this investigation strongly suggested that the source of the outbreak was coleslaw. A 
statistical association of listeriosis with coleslaw was supported by identification of the 
epidemic strain in the implicated food (Beuchat, 1996). The coleslaw outbreak 
heightened interest in determining the prevalence of L. monocytogenes in fresh produce. 
Sizmur and Walker (1988) detected L. monocytogenes in four of 60 prepacked, ready-to-
eat salads in the UK. Vegetables included in the two types of contaminated salads were 
cabbage, celery, carrots, lettuce, cucumber, onion, leeks, watercress and fennel. Studies 
have shown that cabbage contains high levels of fermentable sugars such as glucose 
which can be readily utilized by L. monocytogenes (Beuchat et al., 1986); this could be 
attributed to the greater number of outbreaks associated with the vegetable.  A survey of 
prepared mixed salads and two individual salad ingredients were found to contain L. 
monocytogenes (Velani and Roberts, 1991). The higher rate of contamination of 
prepared salads was attributed to cross contamination of the pathogen during chopping, 
mixing and packaging. Beckers et al. (1989) detected L. monocytogenes in 11 of 25 
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samples of fresh cut vegetables in The Netherlands and Harvey and Gilmour (1993) 
reported that 7 of 66 samples of salad vegetables and prepared salads produced in 
Northern Ireland contained the organism. Farber et al., (1989), on the other hand, did not 
detect Listeria species in 110 samples of vegetables, including lettuce, celery, tomatoes 
and radishes analyzed in Canada. Likewise, Petran et al. (1988) failed to detect L. 
monocytogenes in market samples of fresh vegetables in the United States. 
2.10 Behaviour of Listeria on vegetables 
It was not until after the Canadian coleslaw outbreak that much research attention was 
directed toward examining survival and growth characteristics of L. monocytogenes on 
vegetables. In a study conducted by Conner et al., 1986 the effects of temperature, pH 
and sodium chloride (NaCl) on growth and survival of L. monocytogenes in cabbage was 
studied. Initial studies involved the use of heat-sterilized cabbage juice, at 30°C, 
populations of the L. monocytogenes strain isolated from the coleslaw outbreak 
increased in juice containing 0 - 1.5% sodium chloride (NaCl); a decrease in population 
occurred in juice containing 22% NaCl. The organism grew well in cabbage juice at an 
initial pH of 5.0-6.1. In another study, the growth of L. monocytogenes in raw, shredded 
cabbage prepared in a manner similar to that followed for preparing coleslaw was 
investigated (Beuchat et al., 1986). The organism increased from 1.6 x l0
4
 to 2.6 x 10
8
 
cfu/g of cabbage stored at 5°C for 25 days. Extended storage to 64 days resulted in only 
a slight decrease in viable population. In contrast, the viable population of L. 
monocytogenes steadily decreased in heat-sterilized shredded cabbage stored at 5°C. 
This suggests that heat treatment either decreases the availability of certain nutrients or 
results in constituents which inhibit growth or are toxic. Survival and growth 
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characteristics of L. monocytogenes on lettuce and in lettuce juice were studied by 
Steinbruegge et al. (1988). Behaviour of the organism was variable. In most trials, the 
population of L. monocytogenes on lettuce stored at 5 and 25°C increased by several 
logs during 14 days of storage, while in some trials the organism was not detected at the 
end of the storage period. Growth was observed in lettuce juice held at 5°C. The effects 
of shredding, chlorine treatment and modified atmosphere packaging on survival and 
growth of L. monocytogenes on lettuce stored at 5°C and 10°C were studied by Beuchat 
and Brackett (1990b). With the exception of shredded lettuce that had not been chlorine 
treated, no significant changes in populations of L. monocytogenes were detected during 
the first eight days of incubation at 5°C. However, significant increases occurred 
between 8 and 15 days. Significant increases occurred within three days when lettuce 
was stored at 10°C; after 10 days, populations reached l0
8
-10
9
 cfu/g. Chlorine treatment, 
modified atmosphere (3% O2 97% N2) and shredding did not influence growth of L. 
monocytogenes. It was concluded that L. monocytogenes is capable of growing on 
lettuce subjected to commonly used packaging and distribution procedures used in the 
food industry. The behaviour of L. monocytogenes on raw broccoli, cauliflower and 
asparagus stored under air and modified atmospheric gas packaging conditions at 4-15°C 
has been studied (Berrang et al., 1989). Growth at 15°C resulted in populations as high 
as 6.0 x 10
7
 cfu/g of broccoli florets, 3.7 x 10
7
 cfu/g of cauliflower florets and 1.1 x 10
7
 
cfu/g of asparagus before these vegetables would be considered inedible by subjective 
evaluation. Modified atmosphere appears to have little, if any, effect on the rate of 
growth of L. monocytogenes on these vegetables. Rates of death and growth of L. 
monocytogenes inoculated onto raw whole tomatoes and into chopped tomatoes were 
studied by Beuchat and Brackett (1991). Growth occurred on whole tomatoes held at 
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21°C but not at l0°C, while death occurred in chopped tomatoes stored at these 
temperatures. Raw carrot juice appears to have a lethal affect on L. monocytogenes 
(Nguyen-the and Lund, 1990). Populations of L. monocytogenes have been shown to 
decrease upon contact with whole and shredded raw carrots but not cooked carrots 
(Beuchat and Brackett, 1990a). Small populations detected on whole carrots 
immediately after inoculation were essentially non-detectable after seven days of storage 
at 5 or 15°C. Beuchat et al. (1994) investigated the influence of pH and sodium chloride 
on survival and growth of L. monocytogenes in carrot juice. Lethal and inhibitory effects 
over a 48 hour period were greatest in a pH range of 5.0 - 6.4. Inhibition was enhanced 
by reducing the incubation temperature from 20°C to 12°C and again from 12°C to 5°C. 
A concentration of 5% sodium chloride protected L. monocytogenes against inactivation 
in carrot juice. Washing shredded lettuce with carrot juice significantly reduced 
populations of L. monocytogenes and retarded growth during subsequent storage at 5°C 
(Beuchat and Doyle, 1995). The efficacy of chlorine for killing L. monocytogenes on 
inoculated Brussels sprouts has been evaluated (Brackett, 1987). While the organism 
was relatively sensitive to chlorine in the absence of organic matter, it remained viable 
on Brussels sprouts dipped for 10 seconds in water containing 200 µg/ml chlorine. The 
viable population was reduced by about 2 log10 cfu/g from an initial population of about 
6 log10 cfu/g. The effectiveness of chlorine dips in inactivating L. monocytogenes on 
other raw vegetables has not been thoroughly investigated. Based on observations, 
however, the lethal effect of chlorine may be minimal.  
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2.11 Cabbage cultivation and consumption in Ghana 
Cabbage (Brassica oleracea) is a popular vegetable cultivated and consumed in the 
urban and peri-urban areas of Ghana (particularly around Accra), where urban 
agriculture has boomed to meet a rising demand for fresh vegetables. Because of 
increase in demand by consumers, cabbage is now cultivated all year round. This serves 
as an important source of income for migrant farmers. There is however, very little 
statistical information about cabbage production in the country. The average cabbage 
plot sizes cultivated are below half a hectare and represent almost 80 percent of the 
farmer‘s total cultivated area (Timbilla and Nyarko, 2004). Cabbage production can be a 
very profitable activity, with a quick return on investment. The main activities in 
cabbage cultivation are land preparation, transplanting, weeding, watering, and 
harvesting. The two main constraints associated with cabbage production especially in 
the unban areas are scarcity of potable water to use in watering the vegetables, especially 
during the dry season (since the vegetable is cultivated year round); and attack by pests 
(Timbilla and Nyarko, 2004).  
Vegetable producers in the Accra Metropolis usually use low-quality water from drains, 
shallow wells, and streams to irrigate their produce and animal manure as fertilizer 
(Newman, 2005). Both the irrigation water and the manure could be sources of 
pathogens including L. monocytogenes, since the presence of Listeria in sewage has 
been demonstrated by Watkins and Sleath in 1981. The vegetables, once harvested find 
their way to major informal markets in the urban areas. From these markets the 
vegetables are sold on wholesale bases to other market women who retail in other minor 
informal markets in the urban area. Conditions prevailing in most informal markets in 
Ghana, where all types of foodstuffs, including vegetables and other goods are 
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purchased by both urban and rural dwellers, are such that it makes the foodstuff prone to 
contamination by pathogenic organisms. Poor sanitation conditions, unavailability of 
sheds or structures, compelling trader to display their produce or goods on the ground, 
lack of places of convenience with constant supply of potable water, lack of cold storage 
systems among others prevail in most of our informal markets in Ghana. Some 
vegetables, however, end up in groceries either in supermarkets or along selected streets 
in selected locations in the urban area. However, only a fraction of population in those 
urban areas can afford vegetables from such markets, since they are usually more 
expensive. Compared to the vegetables obtained from the informal markets, these are 
not as prone to contamination from pathogenic microorganism due to better conditions 
prevailing in such markets.  
In Ghana, cabbage is used in making sauces and stews which accompany several local 
and continental dishes; cabbage is also consumed raw as coleslaw or as mixed salads 
together with other vegetables such as carrot, spring onions and cucumber. In recent 
times, coleslaws or mixed salads have become a common accompaniment to most rice 
dishes served at fast food joints and also by street food vendors in urban and peri-urban 
areas. In Accra, about 200 000 people consume from such accompaniments every day 
(Amoah et al., 2007). Therefore the presence of L. monocytogenes in vegetables would 
be of public concern considering that the vegetables are minimally processed and are 
ready-to-eat, thus do not undergo any form of cooking to ensure elimination of the 
pathogen.  
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2.13 Food safety 
The Food and Agriculture Organization (FAO) defines food safety as providing 
assurance that food will not cause harm to the consumer when it is prepared and/or eaten 
according to its intended use (FAO, 1996). Microbial food borne diseases may occur 
when a susceptible individual consumes food contaminated by a viable microbial 
pathogen(s) and/ or microbial toxin(s) (Lammerding and Fazil, 2000). Food safety is 
achieved through application of quality control measures throughout the food chain, 
from production to consumption. The risk of food borne diseases is therefore a 
combination of the likelihood of exposure to a pathogen(s) and/ or its toxin in a food, the 
likelihood that the exposure will result in infection or intoxication and subsequently 
illness as well as the severity of the illness (Lammerding and Fazil, 2000).  
2.14 Risk assessment on Listeria monocytogenes 
Risk assessment is a scientific process aimed at providing an estimate of the probability 
and impact of adverse health effects attributable to exposure to potentially contaminated 
foods (Jouve, 2000).  Risk assessment therefore provides an estimate of the probability 
of an adverse health effect from a pathogen in a given population and it is subdivided 
into four steps (Anonymous, 1999): 
o Hazard identification: identification of the causative agent (―hazard‖), 
that is the pathogen and/or its toxin(s)  biological, chemical and physical 
agents capable of causing adverse health effects and which may be 
present in a particular food or group of foods; 
o Hazard characterization: the qualitative and/or quantitative evaluation of 
the nature of the adverse health effects associated with the hazard; 
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o Exposure assessment: the qualitative and/or quantitative evaluation of the 
likely intake of the hazard via food as well as exposure from other 
sources if relevant; 
o Risk characterization: the qualitative and/or quantitative estimation, 
including attendant uncertainties, of the probability of occurrence and 
severity of known or potential adverse health effects in a given 
population based on hazard identification, hazard characterization and 
exposure assessment. 
2.14.1 Hazard identification 
 
Listeria monocytogenes is a facultative intracellular bacterial pathogen of both humans 
and animals. It causes listeriosis in humans with weakened immunity or 
immunocompromised individuals such as pregnant women and neonates, the elderly and 
people living with HIV/AIDS and cancer (Marth, 1988). Listeriosis is a severe food-
borne infections (meningitis, septicemia, abortion), with low morbidity (annual 
incidence rate ranging from 2 to 10 cases per million population) but high lethality 
(30%) (Rocourt et al., 2003). L. monocytogenes is widely distributed in the environment 
and the organism is therefore present in a wide variety of raw food materials including 
vegetables. An association of listeriosis associated with coleslaw was supported by 
identification of the epidemic strain in the implicated food in Canada in 1981 (Schlech et 
al., 1983). Investigations revealed that cases had consumed commercially prepared 
coleslaw with cabbage identified to be from a farmer who applied both composted and 
raw sheep manure on his cabbage farm (Beuchat, 1996).  Cabbage has been associated 
with the transmission of L. monocytogenes (McLauchlin, 1990). This could be attributed 
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to its high levels of fermentable sugars such as glucose which can be readily utilized by 
L. monocytogenes (Beuchat et al., 1986). 
This risk profile concerns commercially prepared ready-to-eat coleslaw primarily 
cabbage based, but without dressings. This includes both pre-packed and open (i.e. 
unpackaged and generally self served in retail or catering premises) coleslaws. Other 
vegetable ingredients may be mixed into the coleslaws, such as onions, carrots, tomatoes 
and peppers.  
2.14.2 Hazard characterization – adverse health effects 
 
Hazard characterization describes the adverse effects of a particular substance, 
organism, or other entity. The relationship between the exposure level (dose) and 
frequency of illness or other adverse effect (response) is estimated and the severity of 
the health effects is also evaluated, often by considering multiple biological endpoints 
(e.g., infection, morbidity and fatalities) (FDA/USDA, 2003). 
The primary variables involved in constructing dose-response models for Listeria 
monocytogenes are: 
1. Pathogen virulence (the ability of the pathogen to produce illness),  
2. Host susceptibility (the capacity of the host to defend against the pathogen), 
and  
3. Food matrix (the relationship between the physico-chemical nature of 
Listeria monocytogenes-contaminated food and the fate of the organism 
following ingestion).  
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Because of variability in host susceptibility and food matrix effects, there is no single 
infectious dose for Listeria monocytogenes, or any other pathogen that can be used for 
all individuals. 
2.14.2.1 Pathogen virulence 
Variation in virulence is demonstrable among Listeria monocytogenes strains. This 
variability influences the number of organisms required to produce illness and possibly 
the severity or manifestations of illness. The virulence factors of Listeria monocytogenes 
and their interaction with the host's defense systems help determine the infectious dose 
of listeriosis. However, because of the potential for fatal outcomes in human listeriosis, 
clinical studies involving human subjects have not been conducted (FDA/USDA, 2003). 
There is also epidemiological evidence for variability in virulence among food borne 
isolates of Listeria monocytogenes. Most illnesses are associated with a restricted 
number of serotypes, primarily 1/2a, 1/2b, and 4b. Serotype 4b occurs most frequently in 
outbreaks (Farber and Peterkin, 1991). In sporadic cases, the same serotypes 
predominate; however, the frequencies are somewhat different with 1/2a and 1/2b 
accounting for a higher proportion of cases than 4b (Slutsker and Schuchat, 1999). 
However, the frequency with which these serotypes are isolated from foods does not 
parallel the disease distribution. For example, while the 4b and 1/2a serotypes are most 
frequently associated with food borne illness, they are not the strains most commonly 
isolated from foods (Pinner et al., 1992). 
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2.14.2.2 Host susceptibility 
Variation in susceptibility to listeriosis among people exists. This influences the number 
of organisms required to produce illness and the type of illness produced. It is possible 
that immunosuppression as a consequence of pregnancy results in increased likelihood 
that even small numbers of Listeria monocytogenes in the circulation can colonize 
placental tissues, increasing the chances of fetal exposure. Because the fetus has a poorly 
developed immune system and is immunologically naïve with respect to Listeria 
monocytogenes, the consequences of foetal exposure are severe, often resulting in 
stillbirth or neonatal infection. 
2.14.2.2.1 Pregnant women  
In pregnancy, there is a characteristic inhibition of natural killer (NK) cell activity in the 
placenta, these NK cells, stimulated by Interleukin 12, are the primary source of 
interferon, which is a key component of resistance (Unanue, 1997a; Tripp et al., 1994). 
Pregnancy is also associated with development of a T-helper cell type 2 (Th-2) cytokine 
environment which favors the production of Interleukins 4 (IL-4) and 10 (IL-10) 
(Schwartz, 1999). Immune defects occurring in pregnancy impact negatively on 
resistance (Genovese et al., 1999). Cytokines characteristic of a T-helper cell Type 1 
(Th-1) response (e. g., interferon) are critical for resistance (Unanue, 1997a, 1997b). 
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Fig. 2.4: Listeria monocytogenes Dose-Response for Mortality with Variable Strain 
Virulence for the Neonatal Subpopulation. 
Source: FDA/USDA, 2003. 
Figure 2.4 depicts the neonatal subpopulation dose-response curve. It describes the dose 
(in colony forming units) required to produce death from a series of servings, consumed 
maternally, that are contaminated with different (or variable) Listeria monocytogenes 
strains. The distribution (indicated by the lower and upper bound lines) accounts for the 
uncertainty from three primary sources:  
1. Variation in the virulence of different strains;  
2. Uncertainty in the host susceptibility among pregnant women; and  
3. Uncertainty in the exposure to Listeria monocytogenes.  
By selecting a dose from the x-axis, the expected death rate can be read off the y-axis 
(FDA/USDA 2003). 
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2.14.2.2.2 Elderly and Neonates 
At the extremes of age, (neonates and the elderly), changes in both innate and acquired 
immunity have been observed. Immune responsiveness measured in the elderly included 
decreased g-interferon production, NK cell activity, and increased IL-4 and IL-10 
production (Rink et al., 1998; Di Lorenzo et al., 1999). A similar imbalance, 
characterized by decreased interferon production and increased production of IL-10 may 
occur in neonates (Genovese et al., 1999). Thus, in the elderly and during pregnancy, as 
well as in neonatal immune systems, biomarkers have been documented that correlate 
with decreased resistance due to immune defect(s) (Golnazarian et al., 1989). 
 
Fig. 2.5: Listeria monocytogenes Dose-Response for Mortality with Variable Strain 
Virulence for the Elderly. 
Source: FDA/USDA, 2003. 
Figure 2.5 depicts the elderly subpopulation dose-response curve. It describes the dose 
(in colony forming units) required to produce death from a series of servings that are 
contaminated with different (or variable) Listeria monocytogenes strains. The range of 
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values (indicated by the lower and upper bound lines) accounts for the uncertainty from 
three primary sources mentioned for the neonatal subpopulation. By selecting a dose 
from the x-axis, the expected death rate can be read off the y-axis. 
2.14.2.2.3 Cancer, Transplant, and AIDS Patients  
As with pregnant women, neonates, and the elderly, there are immune defects that occur 
in AIDS patients, cancer patients, and organ transplant recipients. These may involve not 
only depletion of T-lymphocytes, but also neutropenia (depletion of neutrophils) as a 
result of immunosuppressive medications (Morris and Potter, 1997). Severe neutropenia 
would be expected to result in greatly increased susceptibility (Czuyprynski et al., 
1996). 
2.14.2.2.4 Non-immune factors affecting susceptibility 
 Another physiologic parameter thought to be relevant to susceptibility is a reduced level 
of gastric acidity. Reduced gastric acidity (achlorhydria) may be associated with aging 
or with drug treatment for gastric hyperacidity. Another factor responsible for reduction 
in gastric acidity in humans is infection with another bacterium, Helicobacter pylori 
(Feldman et al., 1999). 
Experimental dose-response data are therefore derived exclusively from studies using 
animal and in vitro surrogates. The validity of this approach is based upon the concept 
that host-resistance mechanisms targeted in animal studies are connected with human 
biomarkers of exposure and susceptibility (FDA/USDA 2003).  
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2.14.2.3 Food matrix 
The food matrix has been theorized to affect the ability of a pathogen to survive gastric 
acidity or to interact with intestinal mucosa, changing the likelihood of infection. Human 
listeriosis has often been associated with high salt, low pH, or high fat foods (Juntilla 
and Brander, 1989; McLauchlin, 1996a; Linnan et al., 1988; Dalton et al., 1997; Barnes 
et al., 1989). Adaptation of Listeria monocytogenes to acidic or high salt environments 
may also increase its ability to survive the stomach acid barrier or within host cells 
(O'Driscoll et al., 1996). Similarly, high fat content in foods may protect Listeria 
monocytogenes from gastric acid, or possibly enhance uptake and survival in host cells 
via interaction with cell membrane lipids (Coleman and Marks, 1998). 
2.14.3 Exposure assessment 
 
Exposure assessment is the estimation of how likely it is that an individual or a 
population will be exposed to a pathogen via food and what numbers of the pathogen are 
likely to be ingested (Rocourt et al., 2003). Several factors must be considered when 
performing an exposure assessment, among them are (Lammerding and Fazil, 2000):  
1. Characteristics of the pathogen. 
2. Prevalence and concentration of the pathogen in raw ingredients. 
3. Effects of method of processing, packaging, distribution and storage of food 
on the growth and/or inactivation of the pathogen. 
4. Microbiological ecology of the food. 
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5. Food consumption pattern; with information about typical serving sizes, 
frequency of consumption (i.e. daily, weekly, monthly etc.), socio-economic 
and cultural backgrounds and consumer preferences. 
6. Level of sanitation and process controls. 
Accurate and sufficient data obtained from the exposure assessment will enable 
generation of estimates, creating of models and/or making of assumptions to describe the 
prevalence and the concentration of the pathogen at each step of the farm-to-fork 
continuum (Rocourt et al., 2003). 
2.14.3.1 Dose Response 
The FAO/WHO risk assessment uses a dose response model described by: 
Phealth outcome=1-exp
-R*N
 
Where R is a variable that defines the dose/response relationship and N is the number of 
cells consumed. The values of R vary depending on population group (to reflect 
different susceptibilities) but are around the 10
-12 
- 10
-14
 level. The model is a single hit 
model which means that there is a probability of illness associated with each cell 
consumed. It is therefore total consumption of cells that dictates risk; there is no 
―infectious dose‖, and there is no difference to risk if a small number of cells are eaten 
frequently or many cells eaten at the same time as long as the total eaten is the same 
(Lake et al., 2005). 
2.14.4 Risk characterization 
 
Risk characterization is the estimation of the probability of occurrence and severity of 
adverse health effects in a given population based on hazard characterization and 
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exposure assessment (Rocourt et al., 2003). Scientific information currently available 
indicates that food borne listeriosis is associated with products in which initial levels of 
the pathogen have increased due to conditions supporting growth. There is little 
evidence that consumption of low levels (<100/g) of the organism in foods pose a health 
risk even in susceptible individuals (Nørrung, 2000).  
Risk assessment is only one element of risk analysis, a structured approach which 
consists of a three-stage process (FAO/WHO, 1997):  
2.14.5 Risk assessment  
 
An assessment is made of the risk to human health associated with a particular food-
borne hazard.  
2.14.5.1 Risk management  
 
Decisions are made regarding the acceptable level of risk and measures implemented for 
the control of this risk. 
2.14.5.2 Risk communication 
  
Information about the risk and chosen methods of control are communicated amongst 
interested parties. The implication is that regulatory decisions based on risk analysis 
should be consistent across different aspects of food safety and, perhaps, across into 
other elements of risk, for example environmental protection and transport safety. 
There are two general approaches to risk assessment, described as qualitative and 
quantitative (FAO/WHO, 1995; CAC, 1999). Qualitative risk is descriptive or 
categorical treatments whereas quantitative assessments are mathematical analyses of 
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numerical data. A quantitative risk assessment is the preferred choice if the necessary 
quantitative information and resources are available. When data, time and/or other 
resources are limited, the only option available may be to conduct a qualitative risk 
assessment. Or a qualitative assessment may be undertaken as a first evaluation of a food 
safety issue to determine if the risk is significant enough to warrant a more detailed 
analysis. A qualitative risk assessment follows the same systematic approach as 
quantitative risk assessment, including sections dealing with hazard identification, 
exposure assessment, hazard characterization and risk characterization (Lammerding and 
Fezil, 2000). 
Quantitative risk assessment approach could be either deterministic (or point-estimate) 
or stochastic (or probabilistic). The primary difference between these two approaches is 
in their description of the inputs to a risk assessment. The deterministic approach uses 
single values such as the average or worst case as inputs to a risk assessment whilst the 
stochastic approach considers all of data available and uses probability distributions, as 
opposed to single values, to describe the parameters that contribute to the risk 
(Lammerding and Fezil, 2000). For example, to estimate the average number of a 
pathogen that an individual may be exposed to, the average level of contamination of a 
food is combined with the average amount of food consumed by an average consumer. 
The deterministic approach produces a single (average, or if selected, worst-case, etc.) 
value for the risk estimate whilst the stochastic approach produces a distribution of risk 
that characterizes the range of risk that might be experienced by an individual or 
population. For qualitative risk assessments, simple models that describe the pathways 
of exposure are developed. For a risk model to provide the most relevant information 
relative to food safety risk management, the various factors that influence the food 
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before it reaches the consumer must be incorporated into the model. This approach has 
been described as ‗farm-to-fork‘ assessment and it allows consideration of a broad range 
of risk management options along the food chain (Lammerding and Fezil, 2000). 
Stochastic (probabilistic) risk assessment can be evaluated using analytical techniques 
such as the Monte Carlo analysis. This technique is based on randomly selecting a single 
point-estimate value from each of the probability distributions assigned for each input 
parameter. The randomly selected single values are used to calculate a mathematical 
solution defined by the risk assessment model, and the result is stored. This sequence is 
repeated several thousand times (iterations), with a different set of values for the input 
selected at each iteration. Values that are more likely to occur, according to the defined 
probability distributions are selected more frequently, the result of the analysis is a 
frequency distribution for the output of interest which represents the combined ranges 
and frequency of the input parameters (Lammerding and Fezil, 2000). 
.  
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CHAPTER 3 MATERIALS AND METHODS 
3.1 Study area - Accra Metropolitan area 
 
3.1.1 Demographic statistics of study area 
The Accra Metropolis has a total land size of 200 square kilometres and is made up of 
eleven sub metros namely Okaikoi North and South, Ashiedu Keteke, Ayawaso East, 
West and Central, La, Osu Klotey, and Ablekuma North, South and Central. Seventy six 
(76) communities make up the Metropolis. The population density of the Metropolis is 
7404 per square Kilometer (Km
-2
), and a housing density of 558 Km
-2
. The average 
household size is 4.51 with an average of 3 household per house (2000 Population and 
Housing Census/AMA Area Mapping, 2009). 
3.2 Study design 
The study was composed of two parts; the first part was a consumer survey conducted in 
the study area to determine the vegetable consumption pattern of consumers and also 
food safety awareness and practices by consumers. The second part was laboratory 
analysis to detect and enumerate L. monocytogenes in samples of fresh cabbage and 
RTE coleslaw obtained from the study area.  
3.2.1 Methodology 
3.2.1.1 Consumer survey 
Random sampling was used in selecting points of retail of salad vegetables in six 
selected markets (3 big and 3 small markets). The selected three big markets were: 
Makola, Madina and Kaneshie, and the three small markets were Dome, Nima and 
Baatsona. These markets were selected as a result of a purposive survey carried out in 
some markets in the Accra Metropolis to determine the major vegetable wholesale 
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points in the Metropolis. Structured pre-tested questionnaires (Appendix 1) were 
randomly administered to 300 consumers who came to buy vegetables at that point of 
retail in the selected market. To be part of the survey, consumers had to be at least a 
Junior High School graduate, consumed and or cooked with vegetables and were willing 
to participate. This enabled sampling to cover consumers with different social, 
educational and economic backgrounds. Sample size was determined using the formula 
shown in Appendix 2. 
3.2.2 Laboratory analysis - Detection and Enumeration of Listeria monocytogenes 
 
3.2.2.1 Materials 
3.2.2.2 Sample collection 
Samples of fresh cabbage were purchased from randomly selected informal markets and 
road side stalls in three randomly selected locations in the Northern, Southern, Eastern 
and Western parts of the Accra Metropolis aided by a map (Appendix 3). This was to 
enable representative sampling of the Accra Metropolis. Samples of RTE coleslaw were 
purchased from randomly selected street food vendors and restaurants from the 
Northern, Southern, Eastern and Western parts of the Accra Metropolis. Both samples 
were purchased as any consumer would. Samples were transported to the laboratory on 
ice and analyzed immediately. 
3.2.2.3 Media preparation 
All Listeria enrichment media (Fraser enrichment broth, Listeria enrichment broth and 
UVM Listeria enrichment broth) and selective agar media (PALCAM, Oxford and 
Listeria Chromogenic agar) were prepared according to manufacturer‘s instruction. 
Blood agar medium for biochemical characterization was prepared by supplementing the 
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agar base with 5% defibrinated sheep blood obtained from the Animal Experimentation 
Unit of the Nogouchi Memorial Institute for Medical research. Components and their 
quantities (g/L or mg/L) of enrichment and selective agar media are provided in 
Appendix 4 and 5 respectively. 
3.2.3 Method 
 
The method used for the detection and enumeration of L. monocytogenes in the samples 
was according to the 2009 edition of the Health Protection Agency (HPA) of Wales, UK 
standards for the detection and enumeration of Listeria spp. This standard is based on BS 
EN ISO 11290 parts I and II. However, some modification was made in this method due 
to the limited resources available; thus no primary enrichment was carried out. 
Secondary enrichment was done with the enrichment broth containing the full 
concentration of nalidixic acid and acriflavine. 
3.2.3.1 Detection 
Presence or absence of L. monocytogenes in both fresh cabbage and RTE coleslaw 
samples (i.e. the number of positive samples relative to the total sample collection) 
provides qualitative data which is used in risk assessment. 
3.2.3.1.1 Sample preparation and enrichment 
Due to the heterogeneity of the coleslaw sample, enrichment was carried out with three 
different enrichment media in order to determine which of them best detected the 
organism. Thus Fraser Enrichment Broth, Listeria Enrichment Broth (LEB) and 
University of Vermont (UVM) Listeria Enrichment Broth were used. Only Fraser broth 
was used in enriching samples of fresh cabbage due to its homogeneity. 
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Using sterile instruments and aseptic techniques, 25g of both fresh cabbage and RTE 
coleslaw samples were weighed into a sterile stomacher bag. Samples were 
homogenized with 225ml of the enrichment broth using a stomacher set at 3000 
revolutions per minute (rpm) for 2 minutes. The enriched samples were incubated at 
35°C ± 1°C for 24 ± 2 hours.  The flow diagram showing detection of L. monocytogenes 
in both samples is provided in Appendix 6.  
3.2.3.2 Enumeration 
Enumeration (i.e. the number of colony forming units (cfu) of Listeria monocytogenes) 
were carried out for each sample. It is conventionally assumed that one cfu is equivalent 
to one organism. Enumeration of L monocytogenes in the samples provides quantitative 
data which is used in risk assessment. 
3.2.3.2.1 Sample preparation for enumeration    
A 10
-1
, 10
-2
, and 10
-3
 serial dilution of each enriched sample were prepared in buffered 
peptone water (BPW) and 0.1mL of each decimal dilution was drop-plated on two plates 
each of PALCAM, Oxford and Listeria Chromogenic agar media. Plates were left on the 
bench for approximately 15 minutes to allow absorption of the inoculum into the agar. 
Plates were incubated at 37°C ± 1°C for 24 ± 3 hours and a further 24 ± 3 hours where 
necessary.  The flow diagram showing enumeration of L. monocytogenes in both 
samples is provided in Appendix 6.  Colonies on the different media with typical 
characteristics described below were counted. Plates containing up to 150 colonies were 
used. In situations where more than one colony type was present on the enumeration 
plate only typical colonies of Listeria as described below were counted. 
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3.2.3.2.2 PALCAM agar 
After 24 hours colonies of Listeria appear as small (1mm in diameter) grayish colonies 
surrounded by black halos (aesculin positive). 
3.2.3.2.3 Oxford agar 
After 24 hours colonies of Listeria appear as small (1mm in diameter) grayish colonies 
surrounded by black halos (aesculin positive). After 48 hours the colonies become 
darker, sometimes with a greenish sheen, and are about 2mm in diameter with black 
halos and sunken centers.  
3.2.3.2.4 Listeria Chromogenic agar 
Colonies of Listeria appear blue or blue-green. Typical colonies of L. monocytogenes 
are surrounded by an opaque halo after 24 hours. Strains of L. ivanovii also develop an 
opaque halo, but within 48 hours. Other species of Listeria do not develop an opaque 
halo.  
3.2.3.2.5 Calculation of counts  
Number of L. monocytogenes per gram of sample was calculated using the formula: 
Count per gram = Number of colonies confirmed x Number of colonies counted 
                             Number of colonies tested   Volume tested x dilution  
3.2.3.3 Confirmatory tests 
3.2.3.3.1 Gram staining reaction 
Gram staining reaction was carried out using the method described in the Manual of 
Microbiological Methods (1983). 
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3.2.3.3.2 β – heamolysis test  
Five presumptive Listeria colonies were sub cultured to blood agar supplemented with 
5% defibrinated sheep blood from all three Listeria selective agars. Single stab 
inoculation (to facilitate haemolysis detection) to give discrete colonies was done; 
followed by separate streaking to demonstrate purity and to give discrete colonies. Plates 
were incubate at 37°C for 24 ± 3 hours and examined for purity, colonial morphology 
and presence of β-haemolysis.  
3.2.3.3.3 Quality control organism 
Internal quality control was carried out using the following as positive control Listeria 
monocytogenes obtained from BD
TM
 Microtrol Disc from the National Collection of 
Type Cultures (NCTC 11994) with Reference No. 257419.  The organism (in the form 
of a disc) was resuscitated by aseptically placing a disc in 9mL of buffered peptone 
water (BPW) and incubated at 37°C ± 1°C for 24 ± 3 hours (stock culture). After 24 
hours of incubation 0.1mL of the stock culture was drop-plated on two plates each of 
PALCAM, Oxford and Listeria Chromogenic agar media and incubated at 37°C ± 1°C 
for 24 ± 3 hours. 
3.2.4 Risk assessment 
 
A probabilistic risk assessment model was designed using both qualitative (detection) 
and quantitative (enumeration) data obtained from the laboratory analysis. Also 
incorporated in the model were the following factors: 
1. Irrigation water 
2. Type of manure used 
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3. Post harvest and market handling practices 
4. Processing of vegetable 
5. Storage time and temperature 
6. Personal hygiene of food handlers 
7. Growth rate of L. monocytogenes  
Although these factors were not measured experimentally in this study they potentially 
influence the prevalence and concentration of L. monocytogenes from the farm 
(cabbage) till it reached the consumer (fork) as RTE coleslaw. The probability of falling 
ill on consuming coleslaw contaminated with L. monocytogenes was estimated using 
Weibull‘s Probability Distribution Function (Statitica, version 6).  
3.2.5 Determination of effectiveness of some common washing and decontamination 
methods in reducing the contamination level by L. monocytogenes in cabbage 
The effectiveness of the following washing solutions: 
Acetic acid/vinegar and sodium chloride (NaCl) at various concentrations and 
temperatures, in reducing the levels of Listeria monocytogenes in fresh cabbage 
was determined using method described by Amoah et al., 2009.  
3.2.5.1 Washing of samples 
Using sterile equipment 50g of fresh cabbage was submerged in a bowl with 500ml of 
the following washing solutions at different concentrations and temperatures.  
1. Salt (AnapunaTM) solution or brine at the concentrations 10%, 20% and 30% 
(osmolarity effect); 
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Vinegar (Hienze
TM
) solution at the concentrations 10%, 20% and 30% (pH 
effect); 
Pipe borne water was used as control. All the washing solutions were at room 
temperature. 
2. Thirty percent of brine and vinegar solutions and pipe borne water (control), 
all at 50°C and 60°C (temperature effect).  
The samples were held in the washing solution for a contact time of five minutes after 
which it was agitated in the washing solution. L. monocytogenes present in the cabbage 
samples before and after treatments were determined using the standard methods 
described in section 3.2.3. The sample washing was repeated for a contact time of ten 
minutes. The effectiveness of these methods was measured in terms of log reductions in 
counts of L. monocytogenes before and after washing. 
3.2.6 Data analysis 
 
Data obtained from survey was analyzed using SPSS version 11 software, and data from 
the laboratory analysis were analyzed using analysis of variance (ANOVA) test in 
Statgraphics plus 3.0 software. Statistical significance was set at P < 0.05. Risk 
assessment was evaluated using Monte Carlo simulations (Structural Equation Modeling 
and Path Diagram (SEPATH) (Statitica, version 6). Analyses were repeated one 
thousand times (1000 iterations). 
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CHAPTER 4 RESULTS AND DISCUSSION 
4.1 Consumer survey  
4.2 Study population characteristics 
 
A total of 300 randomly selected respondents were obtained from the consumer survey 
carried out in three major and three minor informal markets in the Accra Metropolis. 
The demographic data including gender, age, educational background and occupation is 
depicted in Table 4.1. Majority of the respondents were females (52%), and were in the 
age group of 21 – 30. For the education level, apart from 2% of respondents who had 
only basic education, most respondents (64.3%) had either completed or were in tertiary 
institutions, and majority of the respondents (24.7%) were predominantly civil servants. 
About 18% were students and 9.3% were unemployed.   
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Table 4.1: Demographic profile of consumers 
Demographic characteristics    Number (%) 
Gender 
  Male        144 (48) 
  Female       156 (52) 
Age group 
  ≤ 20        22 (7.3) 
  21 – 30       128 (42.7)  
  31 – 40       94 (31.3) 
  41 – 50       37 (12.3) 
    ≥   51       19 (6.3) 
Education level 
  Basic        6 (2) 
  Secondary       63 (21) 
  Technical/Vocational     38 (12.7) 
  Tertiary       193 (64.3) 
Occupation 
  Civil servant       74 (24.7) 
  Public servant      51 (17) 
  Student       53 (17.7) 
  Trader       33 (11) 
  Teacher       37 (12.3) 
  Unemployed       28 (9.3) 
  Artisan       24 (8) 
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4.3 Access to basic amenities 
 
Almost all respondents (97.6%) had access to electricity; most of them also had access 
to pipe borne water (65%). Respondents who did not have pipe borne water in their 
homes relied on alternative sources of water supply (Table 4.2). About 14.3% purchased 
water from water tanker operators in their communities, whilst 11.3% got water from 
boreholes in their homes. Socio-economic status  of respondents positively influenced (P 
= 0.034) the alternative sources from which respondents obtained their water supply; 
more high-income earning respondents purchased water from tanker operators compared 
to low-income earning respondents (Appendix 7 Table 1).  
Table 4.2: Respondents‘ access to basic amenities  
Access to basic amenities                     Number (%)   
 
Pipe borne water at home                   195 (65) 
Electricity                     293 (97.6) 
 
Alternative sources of water supply: 
Tanker operators             43 (14.3) 
Borehole              34 (11.3) 
Nearby tap              28 (9.3) 
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4.4 Vegetable consumption pattern 
 
Table 4.3 shows respondents‘ vegetable consumption pattern and the method of 
vegetable decontamination before consumption. Nutritional benefits (47.3%) and health 
reason (27.3%) stood out as the most popular reasons for which respondents consumed 
vegetables. Age of respondents positively influenced the reason for consuming 
vegetables, 42.7% were in the age group of 21 – 30 (Appendix 7 Table 2). This could be 
attributed to information gathered through the exposure and access to mass media such 
as television, radio, internet as well as books, magazines etc by people in such age 
groups. Most respondents (79%) consumed vegetables in both raw (as salads or 
coleslaw) and cooked forms. Urbanization and changes in lifestyle in recent times has 
resulted in an increased demand for fast and convenient foods and services. Thus 
minimally processed vegetables such as coleslaw have now formed part of many rice 
dishes that are served both at the fast food joints or street foods in many urban areas 
(Amoah et al., 2009).    
Vegetable consumption has been associated with several factors, such as gender, age, 
education, living conditions, and lifestyle. Men generally consume less vegetable than 
women (Prattala et al., 2007); higher education has been strongly associated with higher 
consumption (Prattala et al., 2007). Socio-economic status of respondents (P = 0.018) 
positively influenced the form (i.e. raw or cooked) in which vegetables were consumed 
(Appendix 7 Table 2). According to Giskes et al., (2002), consumers in lower 
socioeconomic groups are less likely to consume vegetables and also they consumed 
fewer varieties than consumers in higher socio-economic groups. This is because 
consumers in low socio-economic groups generally have a more restrictive food budget, 
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and vegetables may be overlooked in favour of more energy-dense and satisfying foods.  
These factors could contribute to the observations made in this study.  
 
Table 4.3: Vegetable consumption and method of decontamination before consumption 
Statement      Number (%)   
 
Reason for consuming vegetables     
Nutritional      142 (47.3)   
Health       82 (27.3)     
Like vegetables     42 (14)    
Raised that way     34 (11.3)    
 
Form in which vegetable is consumed   
Raw (as salad/coleslaw)    12 (4)     
Cooked      51 (17) 
Both       237 (79)   
 
Method used in decontaminating vegetables   
Water only      56 (18.7) 
Brine       133 (44.3)  
Brine and vinegar     81 (27) 
Warm brine and vinegar    4 (1.3)     
Not applicable      26 (8.7)     
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Several methods are used to decontaminate or reduce contamination from pathogenic 
organisms to considerable levels before consumption; however, some of the methods 
may be inefficient in reducing contamination by pathogens such as L. monocytogenes. 
The predominant method respondents used in decontaminating vegetables before 
consumption either in the cooked or raw form was by washing with brine (44.3%), 
followed by washing with brine and vinegar  (27%); only 1.3% of respondents used 
warm brine and vinegar (Table 4.3). Usage of brine by most respondents could be 
attributed to the availability and affordability of salt compared to vinegar. A similar 
observation was made by Amoah et al., (2009). The method used by respondents in 
decontaminating vegetables was positively influenced by age (P = 0.002) and gender (P 
= 0.001) (Appendix 7 Table 3). More females and respondents between the ages of 21 – 
40 washed vegetables with water and sanitizing agent(s), probably due to the awareness 
that effective decontamination could only be achieved through the inclusion of a 
sanitizing agent in the washing solution (CCFRA, 2002).   
It could be inferred that because respondents were informed about food borne pathogens 
being the most severe cause of food borne illnesses (Table 4.6); washing of vegetables 
was geared towards removing or reducing contaminations levels as much as possible 
(Table 4.4). However, only 1.3% of respondents used warm brine and vinegar solution 
in washing vegetables. Indicating that majority used cold water to prepare the brine used 
in washing vegetables. In a similar study by Amoah et al., (2009) respondents cited 
wilting of vegetables (especially lettuce) when warm water was used in decontaminating 
or washing vegetables. The efficacy of the method used in decontaminating vegetables 
in relation to contamination from pathogens such as L. monocytogenes is very crucial 
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due to organism‘s ability to adapt to stress and harsh conditions such as acidity, heat, 
and osmotic stress among others. The WHO therefore recommends that water used in 
washing vegetables should have a higher temperature than the vegetable being washed 
in order to prevent ingress of water and pathogenic organisms.  Listeria monocytogenes 
may survive and grow to elevated levels in the vegetables if decontamination is not 
effectively done and this may result in listeriosis or febrile gastroenteritis (depending on 
susceptibility of individual) when such vegetables are consumed in the raw and 
minimally processed form.  
Table 4.4 illustrates reasons for respondents decontaminating vegetables and methods 
used in cooking vegetables. Majority of respondents stated the removal of pathogens 
(65.3%) as the predominant reason for decontaminating vegetables. Only 12% stated 
they did so to improve the appearance of the vegetables. The most common method of 
cooking vegetables (Table 4.4) was by boiling (48.3%). Respondents stated that they    
cooked vegetables for about five minutes or more (51.7%). Although education level 
had no positive influence (P > 0.05) on the reason for duration of cooking vegetables 
(Appendix 7, Table 4), most respondents (50.7%) mentioned that they cooked 
vegetables for that duration because they preferred semi-cooked vegetables. However, 
18.7% cooked vegetables for that length of time to ensure elimination of pathogens. The 
method used in cooking vegetables was positively influenced by gender (P = 0.0001) 
and age of respondents (P = 0.0001) (Appendix 7 Table 4). More males boiled 
vegetables whilst more women either steamed or stir-fried vegetables, probably because 
it was a simpler method of cooking and also demanded less attention in practice 
compared to steaming and stir-frying.   
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Table 4.4: Reasons for vegetable decontamination and vegetable cooking methods  
Statement        Number (%)   
Reason for decontaminating vegetables     
Remove soil and dirt       41 (13.7)  
Remove pathogens       196 (65.3)       
Improve appearance        36 (12) 
Not applicable         27 (9) 
 
Method of cooking vegetables           
Boiling          145 (48.3)   
Steaming          87 (29)    
Stir-frying          29 (9.7) 
Not applicable         39 (13)       
      
Duration for cooking vegetables (mins.)   
1 – 2        57 (19)    
3 – 4        80 (26.7) 
≥ 5       155 (51.7)    
Not applicable      8 (2.7) 
 
Reason for duration of cooking vegetables 
Prefer semi-cooked vegetables   152 (50.7) 
Prefer well-cooked vegetables   60 (20) 
Ensure elimination of pathogens   56 (18.7) 
Raised that way     24 (8) 
Not applicable                 8 (2.7) 
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Fewer respondents between the ages of 41 and 51 cooked vegetables by boiling 
compared to respondents below this age range, probably due to knowledge or experience 
that boiling of vegetables could lead to vitamin loss through leaching (Packer, 1997).   
According to Packer, (1997) the duration of vegetable cooking should not be more than 
two minutes in order to retain antioxidants and heat labile vitamins present in 
vegetables.  Although 64.3% of respondents were of higher education background, only 
19% cooked vegetables either by boiling, steaming or stir-frying for about 1 - 2 minutes; 
most respondents (51.7%) cooked vegetables for 5 minutes or more. Duration of 
vegetable cooking was influenced by gender (P = 0.017) (Appendix 7 Table 4); more 
females cooked vegetables for 1 – 2 minutes compared to males. This could be attributed 
to the fact that probably females who are more involved in cooking at home were aware 
of the loss of vitamins in vegetables through prolonged cooking. Research has shown 
that the viable population of L. monocytogenes decreased steadily in heat-sterilized 
shredded cabbage stored at 5°C, suggesting that the heat treatment either decreased the 
availability of certain nutrients or resulted in the formation of constituents which were 
toxic and inhibited growth of L. monocytogenes (Beuchat, 1996). Cooking of vegetables 
such as cabbage and carrots may reduce contamination from some pathogenic organisms 
to considerable levels and render vegetables safe for consumption. Retention of the 
crunchy nature of most vegetables could be attributed to respondents‘ (50.7%) 
preference of semi-cooked vegetables. Semi-cooking of vegetables for about 1 - 2 
minutes may enable the retention of most heat labile vitamins and antioxidants present in 
vegetables since cooking will be done for a short period of time (Packer, 1997). 
However, semi-cooking of vegetables may not result in total elimination of pathogens 
such as L. monocytogenes which can survive under temperatures as high as 52°C for 2 
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hours (Ghandi and Chikindas, 2007). Survival of the organism at such high temperatures 
could be further enhanced through cross protection conferred on it during washing with 
cold brine (osmoadaptation) (Ghandi and Chikindas, 2007). Therefore washing 
vegetables with warm solution could contribute to a reduction in vegetable cooking time. 
Thus retaining heat labile vitamins and also rendering semi-cooked vegetables safe from 
pathogenic organisms such as L. monocytogenes (Basset and McClure, 2008). 
The respondents‘ vegetable consumption pattern is provided in Table 4.5. For the 
purpose of this study frequency codes such as daily, twice weekly and weekly were 
considered as ―most frequent‖ consumption, whilst frequency codes such as monthly 
and occasionally were considered as ―less frequent‖. Eighty nine point seven percent 
(89.7%) of respondents consumed one soup ladle of vegetables most frequently either in 
raw (as salad/coleslaw) or cooked form. The quantity intake or serving size was 
estimated using a soup ladle which is approximately eighty (80) grams in Standard unit.  
Raw and minimally processed vegetables (e.g. coleslaw) which serve as an 
accompaniment to many commercially prepared RTE foods in recent times could be part 
of the ―most frequent‖ consumption of vegetables by respondents.  
The quantity or serving size of vegetables consumed (Table 4.5) was positively 
influenced by gender (P = 0.044) and age (P = 0.002) of respondents (Appendix 7 Table 
5). The quantity of vegetables consumed by females was more than that of males and 
respondents between the ages of 21 - 30 consumed more vegetables than other 
respondents outside this age range.  
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Table 4.5: Vegetable consumption pattern of respondents  
Statement       Number (%) 
How often do you consume vegetables?       
Daily        143 (47.7) 
Twice weekly       57 (19) 
Weekly       68 (22.7) 
Monthly       4 (1.3) 
Occasionally       28 (9.3  
Quantity of vegetables consumed (in soup ladle)   
Half        45 (15) 
One        110 (36.7)  
Two        109 (36.3) 
Cannot quantify      36 (12) 
Where do you normally consume vegetables? 
Home        198 (66) 
Restaurant       35 (11.7) 
Canteen       17 (5.7) 
Fast food joints      39 (13) 
Anywhere        11 (3.7) 
What informs you in buying vegetables? 
Freshness       171 (57) 
Cleanliness/appearance     55 (18.3) 
Price        48 (16) 
Mode of display      26 (8.7) 
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According to Tarnopolsky (2000), metabolic differences between males and females 
could influence their nutritional requirements and thus the quantity of food(s) consumed. 
Probably female respondents were more aware of their metabolic needs and nutritional 
requirements particularly during developmental stages such adolescence, pregnancy, 
lactation and aging and therefore consumed more vegetables (Prattala et al., 
2007).Information obtained through the mass media by many young people between the 
ages 18 and 30 could possibly account for the quantity of vegetables consumed by such 
people.  
Although changes in lifestyle have led to increased consumptions of food outside the 
home in recent times, Table 4.5 shows that majority of respondents (66%) stated they 
consumed vegetables at home whilst 3.7% stated they consumed vegetables anywhere. 
This could be attributed to the fact that probably consumers considered vegetables 
prepared at home safer than those prepared outside the home. Table 4.5 also summarizes 
the attributes consumers looked out for in buying vegetables. Fifty seven percent of 
respondents considered freshness, 16% considered the prices whilst 8.7% considered the 
vegetables‘ mode of display. Education level (P = 0.0001) rather than socio-economic 
status impacted positively on attributes considered when buying vegetables (Appendix 7, 
Table 6). Probably consumers were aware that food selection and buying form important 
steps in ensuring safe food supply within the home (Unusan, 2007). Post harvest 
mishandling of perishables such as vegetables during transporting and marketing could 
impact negatively on its appearance and thus affect its esthetic value (freshness). 
Mishandling could also result in damages which further expose the vegetable to 
contamination. Consumers probably associated freshness of vegetables to careful 
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handling after harvesting, thereby reducing bruises and damages that affect freshness of 
the vegetables. During marketing the mode and environment within which vegetables 
are displayed could either attract or send prospective buyers away. It could also affect 
the esthetic value of the vegetable. However, only 8.7% of respondents considered mode 
of display during purchasing of vegetables. Fresh vegetables receive the greatest 
temperature abuse at the retail level (Paull, 1998). Displaying vegetables in the sun 
under high atmospheric temperatures could result in increased transpiration rate 
(Duckwork, 1996). Increased transpiration rate will result in increased rate of water loss 
from the vegetable and result in wilting of the vegetable. This could also contribute to a 
reduction in the freshness of vegetables.   
 4.5 Food safety awareness   
 
Almost all (80.3%) respondents stated that they knew about food borne illnesses (Table 
4.6).  Although respondents were not asked how they acquired this knowledge, it is 
likely respondents and or relations had either experienced a food borne illness or the 
knowledge was acquired through education. Education was however found not to be 
statistically significant (P > 0.05) (Appendix 7 Table 7) in respondents knowledge about 
food borne illnesses. Pathogenic organisms were perceived as the predominant and the 
most severe cause of food borne illnesses by 37% and 40.7% of respondents respectively 
(Table 4.6). Education level of respondents positively influenced their perceptions of 
hazard(s) that cause food borne illnesses (Appendix 7 Table 7). Respondents with higher 
education backgrounds knew more about hazard(s) that cause food borne illnesses. 
Although the names of some pathogens were not known to some respondents (41.3%), 
Vibro cholerae was known to 33.3% of respondents whilst Listeria monocytogenes was 
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known to only 2.3% (Table 4.6). It appeared respondents were familiar with the food 
borne illness cholera and therefore associated the Vibro cholera with cholera. Age of 
respondents (P = 0.011) rather than education positively influenced respondents 
awareness of the names of some food borne pathogens (Appendix 7 Table 7).  
Table 4.6: Respondents‘ knowledge of food borne illnesses and its causative agent 
Statement         Number (%) 
Do you know about food borne illnesses (FBI)?     
Yes         241 (80.3) 
No         59 (19.7) 
What do you perceive to cause FBI?              
Pathogens                                                    111 (37) 
Agrochemical residue                                        73 (24.3)  
Foreign materials in foods                 34 (11.3) 
All of three         3 (12)          
Do not know         46 (15.3)                   
Which of the hazards is the most severe? 
Pathogenic organisms       122 (40.7) 
Agrochemical residues       112 (37.3) 
Foreign materials in foods       31 (10.3) 
Do not know         35 (11.7) 
Which of these organisms do you know?                                     
E. coli          31 (10.3)  
S. typhi          38 (12.7) 
Listeria monocytogenes        7 (2.3)                      
Vibro cholerea          100 (33.3)             
Do not know         124 (41.3)      
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Microbial contamination was also perceived as the most significant food safety risk by 
American consumers (Hoban, 1999). However, in a similar study in the Caribbean and 
Turkey, consumer rated pesticide residues as the highest perceived food safety risk 
compared to pathogenic organisms (Jackson et al., 2003; Unusan, 2007).  Awareness of 
food borne pathogens is also associated with demographic characteristics (Lin et al., 
2005). Majority of respondents (41.3%) had no knowledge on any of the food borne 
pathogens mentioned in the questionnaire (Table 4.6); however, Vibro cholerae was 
known to 33.3% of respondents and only 2.3% knew about Listeria monocytogenes. 
Respondents‘ knowledge about V. cholerae could be attributed to the food borne illness 
cholera, which is a common type of food borne illness in Ghana. Such knowledge 
acquisition could be either through personal experience or education (Bruhn and Schutz, 
1999). Although 80.3% of respondents were aware about food borne illnesses, names of 
some food borne pathogens were known by only 58.7% of respondents. The little 
knowledge or unawareness of food borne pathogens such as L. monocytogenes in this 
study is similar to that conducted in the US, where only 32% of consumers were aware 
of Listeria monocytogenes (Lin et al., 2005). The unawareness was related to the 
number and severity of illness associated with the pathogen. Probably because the 
number and severity of listeriosis is unknown in Ghana, its causative agent L. 
monocytogenes is also not well known. Studies suggest that the awareness of food borne 
pathogens goes hand in hand with better knowledge of safe food handling and 
preparation principles and safer food handling and preparation practices; both contribute 
to a reduction in food borne illness (Lin et al., 2005). It could be inferred that the 
unawareness of some types of food borne pathogens and thus the severity of the illnesses 
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they cause, could have contributed to some of the unsafe practices carried out in the 
home of consumers during food handling and preparation. 
 4.6 Food safety practices 
 
Table 4.7 illustrates respondents‘ knowledge and food safety practices at home. Most 
respondents (48.7%) did not know the temperature of their home refrigerators and only 
29.7% of respondents knew the temperature of their home refrigerators to be 5°C. It was 
observed that although most respondents had higher education backgrounds and 
therefore knowledgeable about some food safety issues, knowledge of refrigeration 
temperature was not one of them. Gender rather than education level of respondents 
positively influenced knowledge of home refrigerator temperature (P = 0.009) 
(Appendix 7 Table 8). Although males are usually not involved in cooking in many 
Ghanaian homes, more males knew the temperature of their home refrigerator to be 5°C. 
Probably these males were either involved in cooking at home or appliance efficiency 
minded and thus knew the refrigeration temperature. Refrigeration is one of the most 
common ways of increasing the shelf life of foods thereby preserving it. The storage life 
of many foods especially perishables such as vegetables can be increased by storage at 
low temperatures (Adams and Moss, 2000). Temperature control on microbial survival 
and growth in order to keep food safe at home is a valuable tool (Bryan, 1988). Bacteria 
grow most rapidly between 5°C (41°F) and 60°C (140°F) with generation time as short 
as twenty (20) minutes (FSIS, 2004b). Storage of food at improper refrigeration 
temperatures could result in food spoilage. Spoilage could occur due to natural food 
enzymes which cause undesirable changes in the odor, flavor and appearance of the 
food. It could occur due to metabolic activities of psychrotropic pathogens including L. 
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monocytogenes, which are able to survive and growth under cold temperatures (0° - 
20°C) (Kornacki and Garbis, 1990). The metabolic activities of such pathogens are 
enhanced under refrigeration temperatures exceeding 5°C and this could result in the 
production of toxins into foods (Bassett and McClure, 2008) Refrigerated foods that are 
consumed without further cooking such as coleslaw kept under temperatures above 5°C 
may not be safe for consumption. 
 
Table 4.7: Respondents‘ knowledge and food safety practices at home 
Statement       Number (%) 
The temperature of your home refrigerator is?    
5°C           89 (29.7)  
10°C           52 (17.3) 
Do not know         146 (48.7) 
Not applicable        13 (4.3) 
In storing foods do you separate raw meat   
and fish from vegetables?    
Yes         241 (80.3) 
No        46 (15.3) 
Not applicable       13 (4.3) 
How do you treat leftover food before consumption?   
Warm till hot and steamy     162 (54) 
Sufficiently warm      120 (40)       
Warm food sometimes     9 (3)  
Do not warm       9 (3) 
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In a survey conducted by Kennedy et al., (2005) Staphylococcus aureus (41%), 
Escherichia coli (6%), Salmonella enterica (7%), Listeria monocytogenes (6%), and 
Yersinia enterocolitica (2%) were detected in the domestic refrigerators set at 
temperatures exceeding 5°C (41°F). Temperature of the home refrigerator of only 29.7% 
of respondents was 5°C (41°F) (Table 4.7). According to Badrie et al., (2006) 
consuming foods stored at improper refrigeration temperature may contribute to food 
borne illnesses. Most respondents may therefore be at risk consuming refrigerated foods 
which are consumed without any further processing including coleslaw and salads kept 
under refrigeration temperatures exceeding 5°C since the incidence of pathogens 
including L. monocytogenes could occur in such refrigerators (Kennedy et al., 2005). 
The refrigerator temperature, according to FSIS (2004a) should be kept at 5°C (41°F) or 
below and that of the freezer at -18°C (0°F) or below, in order to prevent rapid growth of 
especially pathogenic bacteria which render foods unsafe. The ability of L. 
monocytogenes to survive and grow at refrigeration temperature poses a threat to foods 
such as coleslaws and salads. 
Majority (80.3%) of respondent separated raw foods of animal origin from fresh 
vegetables when storing foods in the refrigerator (Table 4.7). Education level of 
respondents positively impacted on the way foods were stored in the refrigerator (P = 
0.007) (Appendix 7 Table 8). Compartmentalization in refrigeration during food storage 
is very important in preventing cross-contamination among foods from different sources 
(plant or animal) and or forms (cooked or uncooked) (Redmond and Griffith, 2003). 
Although the refrigeration temperature of most respondents was above 5°C, the practice 
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of separating foods especially vegetables from meat and fish during storage by most 
respondents was found to be encouraging.   
Although 17.3% of respondents had the temperature of their home refrigerator 
exceeding 5°C and 48.7% did not know the temperature of their home refrigerator; 
almost all the respondent (94%) stated that they warmed leftover foods before 
consumption. The degree of warming food ranged from hot and steamy (54%) to 
sufficiently warm (40%).  Education level (P = 0.002) of respondents positively 
influenced the treatment given to leftover foods before consumption (Appendix 7 Table 
8). This gave an indication that respondents were probably informed about the dangers 
associated with consuming cold leftover foods. Aside from education, personal 
experience of respondents could have also contributed to this awareness (Badrie et al., 
2006).  
Knowledge of food borne illnesses by respondents did not translate into good food 
safety practices at home in many instances. Majority of respondents (76.3%) stated that 
they used the same chopping board for all cutting or chopping purposes (Table 4.8). 
Education level (P > 0.05) had no positive influence on respondent‘s food safety 
practices during food preparation at home (Appendix 7 Table 9). Although majority of 
respondents were of a higher education background (64.3%), they were probably not 
aware that using the same chopping board for all cutting purposes could result in cross 
contamination of foods which contributes to food borne illness.  Poultry is 
acknowledged as an important potential reservoir of food borne pathogens, particularly 
Campylobacter, Salmonella and Listeria monocytogenes (ICMSF, 1996). 
Microbiological surveys of raw, retail poultry have identified high prevalence rates 
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(Harrison et al., 2001; Jørgensen et al., 2002) and  poultry meat continues to be a 
significant route for the transmission of these pathogens in industrial, domestic and 
catering environments (ICMSF, 1996).  
Table 4.8: Food safety practices during food preparation 
Statement         Number (%) 
Your chopping board at home is used for?                      
Multipurpose            229 (76.3) 
Have board for vegetables and board for         71 (23.7)  
Meat and fish 
 
After using the chopping board do you clean with?               
Soap and cold water       167 (55.6) 
Soap and warm water       116 (38.7) 
Soap, warm water and sanitizer     15 (5) 
Do not wash board, wipe with napkin     2 (0.7) 
 
After handling meat/fish and before you                           
handle vegetables do you wash hands with        
Soap and cold water       166 (55.3) 
Soap and warm water       77 (25.7) 
Rinse with cold water       51 (17) 
Handle vegetables first      6 (2) 
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Research has shown that Campylobacter and Salmonella can persist on food contact 
surfaces for significant period, which may lead to increased risks of cross contamination 
between food handlers, ready-to-eat (RTE) foods and other food contact surfaces (De 
Cesare et al., 2003).  Listeria monocytogenes can exist in a community as biofilms and 
attach more strongly to polymer surfaces where food is processed or stored compared to 
other microorganisms (ICMSF, 1996). Ineffective cleaning of surfaces such as chopping 
board could result in the formation of a monoculture biofilm (L. monocytogenes only) or 
mixed culture biofilm (L. monocytogenes and other bacteria e.g. Flavobacteruim) 
(Bremer et al., 2001) on such boards. Thus the practice of using the same chopping 
board for all purpose cutting could result in cross-contamination especially if chopping 
boards are not efficiently cleaned after use. This not only presents contamination risks 
within preparation of one meal (intra-meal contamination), but also between different 
meals (inter-meal contamination).  
After use the chopping board was mostly cleaned with soap and cold water (55.6%). 
Only 5% of respondents cleaned their chopping board after use with soap, warm water 
and sanitizer. Gender (P = 0.017) and age (P = 0.044) of respondents positively 
impacted on use of chopping board and method of cleaning chopping board after use 
respectively (Appendix 7 Table 9). More females than males had different chopping 
boards for different cutting purposes and respondents between the ages of 21 – 40 
cleaned the chopping board with soap, warm water after use (Appendix 7 Table 9). 
Probably females were aware of the possibility of cross-contamination through the use 
of one board for all cutting purposes. Respondents between the ages of 21 – 40 were 
probably aware of such cleaning methods through information obtained from mass 
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media and also books they read.  Ideally different chopping boards should be used for 
different foods (plant source and animal source). This will prevent and or reduce cross-
contamination among foods, and after use the chopping boards should be cleaned with 
soap and warm water and sanitizer (FSIS, 2004c). 
Although 55.3% of respondents stated they washed their hands with soap and cold water 
after handling meat or fish and before handling vegetable during food preparation, only 
2% stated they would handle vegetables first before meat and or fish. Handling 
vegetables especially when it would be consumed raw before foods from animal origin 
could reduce cross contamination which may result in food borne illnesses (Unusan, 
2007). Hand washing during food preparation was positively influenced by age of 
respondents (P = 0.004) (Appendix 7 Table 9). Respondents aged 51 and above stated 
that they washed hands before and during food preparation, however, they will handle 
vegetables first before meat and or fish during food preparation. Perhaps due to food 
safety knowledge and or experience these people are aware of the occurrence of inter 
food or intra food cross contamination if hands are not properly washed during food 
preparation (Unusan, 2007).   
Existing research suggests that a substantial proportion of food borne illness is 
attributable to improper in-home food handling, preparation and consumption practices 
by consumers (Redmond and Griffith, 2003). Improper practices include, but are not 
limited to, inadequate cooking, cooling and storing of foods; cross-contamination of raw 
and cooked foods; inadequate personal hygiene such as hand washing (Doyle et al., 
2000; Redmond and Griffith, 2003). In England and Wales, 12-17 per cent of general 
outbreaks of food borne disease are reported to have originated from the home (Cowden 
 77 
et al., 1995; Tirado and Schmidt, 2000) and recent European data have shown the 
private home to be the most important location for food borne disease outbreaks 
(FAO/WHO, 2002). With Majority of respondents (66%) in this study consuming 
vegetables at home (Table 4.5), improper vegetable handling and preparation could lead 
to food borne illness in the homes of respondents. It may be safer to handle vegetables 
first during food preparation, especially if it would be consumed raw in order to prevent 
cross-contamination in situations where hands are not effectively cleaned from handling 
meat or fish (Unusan, 2007). In this study only two percent of respondents observed this 
practice (Table 4.8).  
Consumers‘ attitudes towards food safety in general vary according to demographic and 
socio-economic factors such as gender, age, education level and economic status 
(Wilcock et al., 2003). Previous food safety studies have repeatedly shown that male 
consumers, in general, are less interested than females in food safety issues and are less 
likely to handle or prepare food safely (Adu-Nyarko et al., 2003; Altekruse et al., 1996). 
Most respondents in this study were in their youthful age of 21 – 30 (Table 4.1), such 
people have access and obtain a lot of information from mass media (television, radio 
and internet), they could also obtain information from their peers, and teachers as well as 
magazines and books they read.  Gender and age of respondents positively influenced 
food safety knowledge and many practices by respondents in this study whilst gender 
and education level of respondents impacted positively on food safety knowledge and in 
a similar study in Turkey, Unusan, (2007). According to McIntosh et al., (1994) 
knowledge is shaped by perceptions and beliefs, and it is associated with current 
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practices which in turn affects willingness to change current practices if learned that 
current practices are unsafe.  
4.7 Laboratory analysis 
 
4.7.1 Qualitative Data - Detection of L. monocytogenes 
 
Twenty four hours after enriching samples of fresh cabbage, the dark brown coloured 
Fraser broth turned black (Plate 4.1). Blackening of Fraser broth is a presumptive 
evidence of the presence of Listeria spp. All Listeria spp. produce the enzyme β-D 
glucosidase which hydrolyze esculin, this results in the formation of 6, 7 – 
dihydroxycoumarin; this compound forms a complex with the ferric ammonium citrate 
which is added to the media during its preparation to cause blackening of the media 
(Janzten et al., 2006).  
 
Plate 4.1: Fraser Enrichment Broth before and 24 hours after enriching sample. 
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In terms of nutrient composition both Fraser and UVM had almost the same nutrients in 
same quantities, however, ferric ammonium citrate was absent in UVM, thus blackening 
of the medium was not observed. However, turbidity of UVM and LEB media gave a 
presumptive evidence of the presence of Listeria spp in the enriched sample. Plates 4.2 
and 4.3 illustrate the UVM and LEB media before and 24 hours after incubating 
enriched samples respectively.  
 
 
 
Plate 4.2: UVM Listeria Enrichment Broth before and 24 hours after enriching sample. 
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Plate 4.3: Listeria Enrichment Broth before and 24 hours after enriching sample. 
 
4.7.1.1 Listeria monocytogenes detection in fresh cabbage 
 
Listeria monocytogenes was detected in 23 out of 24 market samples of fresh cabbage 
obtained from informal markets and road side stalls at all four cardinal points of the 
Accra Metropolis (Table 4.9). Prevalence rate of L. monocytogenes in fresh cabbage 
from all locations was 95.8%. Prevalence of L. monocytogenes from informal markets 
and road side stalls were however not statistically significant (P > 0.05).  L. 
monocytogenes had previously been detected in fresh cabbage obtained from markets by 
Beuchat and Brackett, (1991); Odumeru et al., (1997) and Wong et al., (1990). Ponniah 
et al., (2009) also detected the organism in vegetables including cabbage from wet 
markets (informal markets) and hypermarkets (supermarkets) in Malaysia in 2009. 
Incidence rate of L. monocytogenes in fresh cabbage samples was 95.3%. Petran et al. 
(1988) on the other hand reported non detection of L. monocytogenes in market samples 
of fresh vegetables analyzed. Other investigators found incidence rates of 5% (Hitchins, 
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1996), 7.8% (De Simo´n et al., 1992) and 82% (Harvey and Gilmour, 1993) of L. 
monocytogenes in fresh vegetables.   
Table 4.9: Detection of L. monocytogenes in marketed fresh cabbage samples in Accra 
Metropolis 
 
Location      No. of samples  Detected in 25g              
 
Accra North   6    5 
 
Accra South   6    6 
 
Accra East   6    6 
 
Accra West   6    6 
       
P > 0.05 
L. monocytogenes is widely diffused in the environment (Farber and Peterkin, 1991) and 
this fact can cause the contamination of vegetables during growing, harvesting, post-
harvest handling or distribution. Vegetables are highly susceptible to microbiological 
contamination due to bad agricultural practices by use of untreated water, inappropriate 
organic fertilizers and malpractices during harvesting, handling and distribution (Francis 
et al., 1999). Thus the presence of L. monocytogenes in the fresh cabbage sample could 
be as a result of contamination from the farm, handling during harvesting, storage and 
post harvest and also contamination from the informal market. Vegetable cultivation is 
water intensive, thus polluted irrigation water containing pathogens has been reported to 
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be used in the production of vegetables in some countries including Ghana (Thurston-
Enriquez et al., 2002; Amoah et al., 2007).  Although the role of contaminated water 
used in the production of vegetables as a vector for the transmission of pathogens to 
humans is unclear, poor irrigation water quality indicated by elevated faecal coliform 
counts has long been known to correlate with the incidence of human pathogens in leafy 
vegetable crops (Norman and Kabler, 1953). In the study conducted by Amoah et al., 
(2009), feacal coliform level on cabbage from informal market that had been irrigated 
with wastewater was as high as 4.0 x 10
6 
cfu. It was therefore not surprising to detect L. 
monocytogenes in fresh cabbage samples in the present study. Prazak et al., 2002 found 
8% cabbages positive for L. monocytogenes after final irrigation in the field.  
The impact of different irrigation strategies (overhead sprays, drip irrigation systems or 
flooding of fields through furrows) on the incidence of pathogens in vegetables is not 
well understood.  In a study, no statistical difference was found in levels of E. coli or 
Salmonella on lettuce irrigated with wastewater using either drip or furrow irrigation 
systems (Bastos and Mara, 1995). Contradictory conclusions were reported in another 
study where the transfer of E. coli from contaminated water to lettuce occurred at a 
greater rate on plants irrigated by flooding of furrows than through a drip irrigation 
system (Song et al., 2006). Despite the lack of corroborating scientific evidence, there is 
general agreement that subsurface irrigation lowers the risk of transfer to growing plants 
(Hamilton et al., 2006). There is therefore the need for additional scientific information 
on risk associated with overhead application compared to other forms of irrigations.    
The manure type, method of application, application rate, frequency of application and 
time period between application and planting or harvesting may influence the associated 
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risk of pathogen transfer from manure amended soil to vegetables (WHO/FAO, 2008). 
Enteric microorganisms that are pathogenic to humans can survive for extended periods 
in manure-amended soils. Reported survival times of some pathogens are: E. coli 
O157:H7 – 6 months; Salmonella – 3 years; Listeria – 2 years; Campylobacter – 20 days 
and Cryptosporidium – 3 months (Islam et al., 2004; Nicholson et al., 2005; Fremaux et 
al., 2008). Vegetable growers in most urban centers in Ghana use animal manure as 
fertilizer (Newman 2005). Drechsel et al. (2000) reported that fresh poultry litter 
samples sometimes used without sufficient drying for vegetable production in Kumasi 
had high faecal coliform counts ranging from 3.6 x 10
4
 to 1.1 x 10
7
. This practice could 
be a potential source for L. monocytogenes contamination in fresh cabbage. 
Investigations into the listeriosis outbreak that occurred in Canada in 1983 revealed that 
contamination of cabbage and thus coleslaw prepared with that cabbage was as a result 
of the vegetable farmer fertilizing with both composted and raw sheep manure (Schlech 
et al., 1983).     
4.7.1.2 Listeria monocytogenes detection in RTE coleslaw 
 
L. monocytogenes was detected in 58 out of 72 samples of RTE coleslaw; prevalence 
rate was about 82% (Table 4.10). Although significant differences (P > 0.05) were not 
observed in the detection ability of the three media (Plates 4.1, 4.2 and 4.3), Listeria 
Enrichment Broth (LEB) detected the organism in the highest number of samples 
compared to Fraser and UVM. The high detection ability of LEB could be attributed to 
the higher quantities of the antimicrobials: nalidixic acid, acriflavin and cycloheximide 
(present only in LEB) compared to Fraser and UVM media. Nalidixic acid inhibits the 
 84 
growth of Gram negative bacteria whilst acriflavin inhibits growth of other Gram 
positive bacteria; cycloheximide inhibits the growth of fungi.   
 
Table 4.10: Detection of L. monocytogenes in RTE coleslaw samples using three 
Listeria enrichment media. 
 Enrichment                         No. of samples                         Detected in 25g                
LEB         24       21         
 
UVM         24       17         
 
Fraser        24       20         
                  
P > 0.05 
 
The occurrence of L. monocytogenes in RTE coleslaw could result from an ineffective 
decontamination from the raw material, or from cross contamination during processing, 
packaging or at retail (Ghandi and Chikindas, 2007). During preparation by street 
vendors, restaurants and fast food joints and in the home, cross-contamination may 
occur during chopping, mixing and packaging of the vegetables and other ingredients.  
According to WHO/FAO (2007), RTE foods are subjected to mild treatments and are 
often stored under conditions that may favor the growth of diverse spoilage and 
pathogenic microorganisms, such as Listeria monocytogenes. Ready-to-eat coleslaw is a 
potentially hazardous food therefore keeping it under inappropriate conditions such as 
high atmospheric temperatures could contribute to the proliferation and therefore 
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detection of L. monocytogenes which may have survived from the raw material or 
subsequently introduced during the processing and packaging of the RTE coleslaw.  
Studies previously published elsewhere have yielded a variety of results of 
contamination by L. monocytogenes of fresh and minimally processed vegetables. A 
review of 51 publications of studies published between 1988 and 2005 which included 
25,078 unprocessed and minimally processed fresh vegetables, yielded 3% of 
contaminated samples by L. monocytogenes (Crépet et al., 2007). In Spain, 0.7% of L. 
monocytogenes contamination in 300 fresh and minimally processed vegetables 
analyzed was reported (Abadias et al., 2008). In another study, 22 out of 370 (5.9%) of 
all fresh samples analyzed, including supermarkets prepared and minimally processed 
vegetable salads, were found contaminated with L. monocytogenes.  All 22 isolates were 
recovered from 216 samples of ready-to-eat vegetable salads freshly prepared daily in 
supermarkets (Cardano and Jacquet, 2009). However, in a similar study conducted in 
Brazil only one sample out of 181 (0.6%) tested was found contaminated with L. 
monocytogenes (Fröder et al., 2007). Berrada et al. (2006) detected L. monocytogenes, 
in 3 out of 77 different types of salads served in restaurants in Valencia (Spain). It was 
observed that quality control measures to prevent post-processing contamination were 
put in place in the restaurants selected for the study. Aparecida de Oliveira et al., (2010) 
also detected the organism in only 2 out of 162 samples of minimally processed 
vegetables. This was because real-time polymerase chain reaction rather than the 
conventional culture method was used in the detection of the pathogen. However, no 
statistical significant difference was found in this method in comparison with the 
conventional (P < 0.05). 
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4.7.2 Quantitative Data - Enumeration of  Listeria monocytogenes 
 
4.7.2.1 Premise of sampling and level of L. monocytogenes contamination of fresh 
cabbage 
Figure 4.1 illustrates the microbial load of L. monocytogenes in fresh cabbage samples 
obtained from informal markets and road side stalls in the Accra Metropolis. Although 
significant differences were not observed among the locations (P > 0.05) (Appendix 7 
Table 10), cabbages purchased from informal markets had higher counts compared to 
cabbages purchased from road side stalls. Cabbage purchased from informal markets in 
Accra South had the highest count (37.2 ± 0.23 cfu/g) of L. monocytogenes whilst those 
from markets in Accra East (29.51 ± 0.31 cfu/g) had the lowest count. Cabbage from 
road side stalls in Accra South had the least count of the organism (23.11 ± 0.42 cfu/g) 
whilst those from road side stalls in Accra West had the highest count (28.41 ± 0.43). 
Listeria monocytogenes is widely diffused in the environment (Farber and Peterkin, 
1991) and can contaminate vegetables during growing, harvesting, post-harvest handling 
and marketing. 
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Fig. 4.1: Contamination level of fresh cabbage samples obtained from informal markets 
and road side stalls in Accra Metropolis. 
Temperature is the single most important factor contributing to bacterial growth and 
survival, therefore temperature control and maintenance of adequate cold chain 
conditions are critical to food safety (ICMSF, 2006). The growth of any microbial 
contaminant may be encouraged by exposure to unsuitable temperatures over significant 
periods of time (WHO/FAO, 2008). Compared to vegetables sold at road side stalls, 
most vegetables in the informal market were not displayed under sheds, canopies or 
umbrellas, which help in maintaining cool temperatures. Exposing vegetables to abusive 
atmospheric temperatures tend to favour growth of food borne pathogens such as L. 
monocytogenes (Chikindas and Ghandi, 2007). Prevailing in most informal markets in 
Ghana are insanitary conditions which make fresh produce such as vegetables prone to 
contamination from food borne pathogens (Amoah et al., 2007).  Therefore exposing 
vegetables to abusive atmospheric temperatures coupled with the insanitary conditions 
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prevailing in most informal market centers could contribute to the higher levels of 
contamination observed in cabbage obtained from informal markets in the Accra 
Metropolis (Fig. 4.1). 
4.7.2.2 Premise of sampling and level of L. monocytogenes contamination of RTE 
coleslaw 
Figure 4.2 illustrates the microbial load of RTE coleslaw samples obtained from street 
vendors and restaurants in the Accra Metropolis. Level of contamination of coleslaws 
purchased from street vendors were not significantly different from coleslaws purchased 
from the restaurants (P > 0.05) (Appendix 7 Table 11). However, coleslaw from street 
vendors had higher microbial load compared to those from restaurants. Coleslaw 
purchased from street vendors in Accra West recorded the highest load of L. 
monocytogenes 45.61 ± 0.35 cfu/g, whilst that from Accra North had the least load of 
13.85 ± 0.37 cfu/g. Coleslaw purchased from restaurants in Accra North had the least 
count of 12.5 ± 0.73 cfu/g whilst that from Accra South had the highest count of 28.59 ± 
0.5 cfu/g. RTE coleslaw is a potentially hazardous food and this could be attributed to 
the high levels of fermentable sugars such as glucose present in cabbage (the 
predominant vegetable) which can be readily utilized by L. monocytogenes (Beuchat, 
1996). It is also consumed without any further listericidal treatments, such as cooking. 
Therefore safety practices must be observed during its processing and post-processing in 
order to eliminate contamination. The food must also be kept at temperatures that would 
minimize growth of pathogens that may be present or further introduced into the food.  
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Fig. 4.2: Contamination level of RTE coleslaw samples obtained from street food 
vendors and restaurants in Accra Metropolis.  
The potential for cross-contamination between foods and the surface in which they come 
in contact with during preparation (especially size reduction) has been demonstrated 
(FAO/WHO, 2008). Contaminated shredding equipment was identified as the source of 
contamination in an outbreak of salmonellosis attributed to shredded lettuce produced in 
a commercial setting (Stafford et al., 2002) during processing of minimally processed 
vegetables. In this study it was observed that coleslaw samples purchased from street 
vendors was made up on average of about four different vegetables, the most common 
being lettuce, spring onion, onion and green pepper. Coleslaw from restaurants was 
made up of fewer vegetables compared to street vended coleslaw. Coleslaw from both 
street and restaurant were served without dressing. Cutting/chopping of these vegetables 
and subsequent mixing of vegetables could contribute to the high levels of 
contamination observed in street vendored coleslaw.  A significant input in primary 
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processing of vegetables is the water used in decontamination, which should be of 
potable quality (FAO/WHO, 2008). Washing and sanitizing (treating water with an 
agent designed to prevent cross-contamination during washing) has the potential, if 
properly controlled, to reduce the overall microflora of leafy vegetables. However, it 
will not eliminate contamination. Therefore minimizing the potential for contamination 
after washing vegetables is important in assuring microbiological safety especially in 
minimally processed vegetables (CCFRA, 2002).  Washing in potable and or sanitized 
water typically results in total viable counts (TVC) and or aerobic colony counts (ACC) 
reduction of 1-2 logs (CCFRA, 2002). Another observation made on most food vending 
sites were the presence of gallons containing water for food preparation as well as 
washing of cooking utensils. The cleanliness of these gallons coupled with how potable 
the water it contains is, is however unknown and this could be a potential source for 
ineffective vegetable decontamination. Most street vended coleslaws were kept in either 
a plastic or silver trays or plastic bowl with or without cover; in some cases a lace fabric 
material was used as cover. Vendors mostly did not wash hands before dishing out 
coleslaw and the same serving tool used in dishing out coleslaw was used in dishing 
other foods on sale and personal hygiene of many vendors was poor. Many vendors did 
not wear aprons, did not cover their hair and had accessories such as earrings which 
could fall off into the food. These practices could influence level of contamination. The 
storage temperature as well as time could influence growth of L. monocytogenes and 
thus its contamination level. Most street vendored coleslaws were displayed at the mercy 
of the atmospheric temperature, which is between 35 - 40°C; street vendored coleslaw 
was usually kept on display from its time of preparation till it ran out. Storage time was 
usually influenced by rate of demand, thus in some cases the coleslaw could last for as 
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long as three to four hours. Coleslaw obtained from restaurants were mostly prepared at 
the time of order; however in a few cases coleslaw were packaged and kept under 
refrigeration till it was ordered for. High temperatures tend to favour optimal growth of 
pathogens such as L. monocytogenes, a fastidious organism (Faber, 1999). Thus keeping 
RTE coleslaw for long periods at high temperatures could result in elevated levels of the 
organism by the time of consumption. These factors could contribute to the high counts 
observed in the street vendored coleslaw. The higher contamination levels observed in 
street vendored coleslaws (Fig. 4.2) could be due to inefficient decontamination of the 
raw material (i.e. cabbage); cross-contamination during processing  particularly during 
size reduction (i.e. cutting, chopping, slicing or shredding and mixing with other 
vegetables) and packaging of vegetables, storage temperature and time; and poor 
personal hygiene of vendors. 
 
4.7.3 Confirmation of L. monocytogenes 
4.7.3.1 Gram staining and β - heamolysis test 
Two types of bacteria exist depending on their ability to retain a crystal violet dye 
complex when cells are washed with acetone or alcohol during the Gram reaction. Cells 
with many layers of peptidoglycan can retain the crystal violet iodine complex when 
washed with acetone or alcohol. These are called Gram positive bacteria and appear 
blue-black or purple upon staining. Gram negative bacteria have fewer layers of 
peptidoglycan compared to Gram positive bacteria and thus cannot retain the crystal 
violet iodine complex; they need counterstaining with another dye (Safranin) in order to 
be seen during the Gram staining reaction (Jay et al., 2005). Gram staining reaction is 
one of the confirmatory tests for Listeria monocytogenes. 
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Twenty three and sixty seven Listeria colonies from cabbage and RTE coleslaw samples 
respectively were Gram positive (Table 4.11).  
Table 4.11: Gram staining reaction on L. monocytogenes presumptive colonies 
Sample   Number  Gram Positive  
Cabbage        24        23 
RTE Coleslaw         72        67 
Hemolytic activity is an important characteristic for the differentiation of Listeria 
monocytogenes from apathogenic Listeria species within conventional laboratory 
practices. Table 4.12 provides results of β- heamolysis test carried out on L. 
monocytogenes presumptive colonies. Plate 4.4 shows hemolytic activity by L. 
monocytogenes on sheep blood agar.  
 
Table 4.12: β- heamolysis test on five L. monocytogenes presumptive colonies 
Sample              Number of           Total number of          Listeria monocytogenes                                                                                                                   
samples                colonies tested           colonies confirmed 
 
Cabbage   24                        120   96 
RTE Coleslaw       72                   360   227 
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Plate 4.4: Hemolytic activity by L. monocytogenes from colonies isolated from fresh 
cabbage and RTE coleslaw samples. 
The hemolytic activity which is caused by a pore-forming toxin called listeriolysin O 
(LLO) differentiates L. monocytogenes from a closely related nonpathogenic species, L. 
innocua (Ruiz et al., 2009).  Production of the toxin listeriolysin O, results in the 
formation of inhibition zones on the blood agar plate (Plate 4.4). Evaluation of the 
hemolytic activity (Gasanov et al., 2005), as well as evidence of phosphatidylinositol-
specific phospholipase C activity on ALOA type chromogenic media  are currently 
being used for L. monocytogenes identification (Leclercq, 2004). 
4.7.4 Effectiveness of washing method on L. monocytogenes reduction in fresh 
cabbage 
 
Table 4.13 provides data on effectiveness of methods used in decontaminating cabbage 
with respect to L. monocytogenes. Log reductions in the level of contamination by L. 
monocytogenes as result of washing the fresh cabbage sample in solutions at various 
concentrations and temperatures was not statistically significant (P > 0.05). However, 
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the contact time for which samples were held in the solutions before washing (i.e. 
agitation in solution) significantly reduced (P = 0.044) the contamination levels of L. 
monocytogenes in the sample (Table 4.13). Maximum log reductions were observed 
when samples were held for 10 minutes at 30% concentration of both sodium chloride 
and vinegar (acetic acid) solutions at a temperature of 60°C.  
 
Table 4.13 Effectiveness of washing methods on L. monocytogenes reduction in fresh 
cabbage. 
Method  Contact        Enumeration (mean log cfu/g)     Log reduction 
         Time              Before  After    
Cold water (control)    5                     1.72                    1.4                           0.32 
                                      10                   1.71                   0.8                           0.91 
Cold NaCl 10%            5                     1.92                   0.6                           1.32 
                                      10                   1.82                   0                              1.82 
Cold NaCl 20%            5                     1.75                   1.63                         0.12 
                                      10                   2.04                   0.16                         1.88
a
 
Cold NaCl 30%            5                     1.81                   1.54                         0.27 
                                      10                   1.67                   0.12                         1.55
a
 
Cold vinegar 10%         5                     1.75                   1.07                         0.68 
                                      10                   1.59                   0                              1.59 
Cold vinegar 20%         5                     2.07                   0                              2.07 
                                      10                   2.6                     0                              2.6
a
 
Cold vinegar 30%         5                     1.79                   0.55                         1.24 
                                      10                   1.62                   0.6                           1.02
a 
 
Contact time P = 0.044  
Figures with superscript 
a
 are significantly different.  
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Table 4.13 cont‘d: Effectiveness of washing methods on L. monocytogenes reduction in 
fresh cabbage. 
Method  Contact        Enumeration (mean log cfu/g)     Log reduction 
         Time              Before  After    
Water (50°C)                 5                     1.94                   0.7                          1.24
a
 
                                      10                   1.62                   0.43            1.19                          
Water (60°C)    5   1.72     0.5            1.22 
     10   1.66     0.3            1.36
a 
30% NaCl (50°C)          5                     1.95                  1.31                         0.64
a
 
                                      10                   1.57                   0.8                           0.77 
30% NaCl (60°C)          5                     1.39                   0                              1.39 
                                      10                   1.61                   0                              1.61 
30% vinegar (50°C)      5                     1.94                   1.31                        0.63 
                                      10                   1.87                   0                             1.87 
30% vinegar (60°C)      5                     1.34                   0                             1.34 
                                      10                   1.75                   0                             1.75 
Contact time P = 0.044 
Figures with superscript 
a
 are significantly different  
Washing vegetables with water alone can reduce microorganism levels, in some 
instances, as effectively as using sanitizers. However the effect will depend on the 
vegetable type, the organism(s) and the method of washing (Bassett and McClure, 
2008). Parish et al. (2003), also states that the efficacy of the method used to reduce 
microbial populations in foods is usually dependent upon the: 
1. Type of treatment,  
2. Type and physiology of the target microorganisms,  
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3. Characteristics of produce surfaces,  
4. Exposure time and concentration of cleaner/sanitizer,  
5. pH  
6. Temperature 
Thus washing and sanitizing (treating water with an agent designed to prevent cross-
contamination during washing) has the potential, if properly controlled, to reduce the 
overall microflora of leafy vegetables (FAO/WHO, 2008).   
The World Health Organization (WHO), in a review of surface decontamination of 
vegetables, suggested that vigorous washing can be as effective as treatment with water 
containing 200 ppm chlorine, which generally reduces microbial populations by 10–100-
fold (Beuchat and WHO, 2002). ‗Vigorous‘ however, is not defined. The WHO review 
also recommends using water at a higher temperature than the vegetables being washed 
(to prevent ingress of water and microorganisms), and double washing for heavily 
contaminated produce. Mechanical drying (e.g. with paper toweling) after washing the 
vegetables can further reduce the levels of some microorganisms. Drying will reduce the 
amount of free water and thus may reduce microbial growth. The amount of reduction is 
dependent on the type of organism (Beuchat et al. 2001). Therefore, washing is a 
possible risk management option, where it is known that levels of initial contamination 
are low, and conditions prevailing after washing vegetables do not allow opportunity for 
bacterial survival and growth. Listeria monocytogenes is a food borne pathogen with the 
ability to survive and grow under a wide range of adverse conditions such as 
temperatures (-0.4°C – 45°C), pH (4.4 – 9.5) and high water activity levels (aw = 0.92)  
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(Bassett and McClure, 2008; Ghandi and Chikindas, 2007). Adaption of L. 
monocytogenes to an adverse condition confers it with cross-protection from other 
adverse conditions. For instance an adaptation to acid stress (pH 5.2, 2 hours) increases 
the organisms‘ resistance to heat shock (52°C), osmotic shock (25 – 30% sodium 
chloride) and alcohol stress (Ghandi and Chikindas, 2007). The reverse where 
osmoadaptation will result in induction of an acid tolerance response is also possible, 
although strain differences may occur in the acid response (Faleiro et al., 2003).  
Ineffective decontamination of L. monocytogenes in vegetables could occur due to cross-
protection if ineffective washing methods are employed. Effective decontamination can 
only be achieved if emphases are laid on the following; concentration of sanitizer or 
disinfecting agent, temperature and/or pH, contact time and vigorous washing.  
4.8 Risk assessment 
 
Exposure is a function of the quantity of a food consumed and the level of contamination 
in that food, while the contamination level in food at consumption is the important 
parameter in evaluating the outcome on public health. Thus the exposure and 
contamination level of food at consumption (both qualitative and quantitative) enable 
assessment of risk associated with consuming such foods.  Although the minimal 
infective dose on L. monocytogenes for humans is unknown due to host, virulence and 
food matrix variability; different studies have implied that foods implicated in cases of 
listeriosis have contained elevated levels of the pathogen (Hitchins, 1996; McLauchlin, 
1996). Every single cell of L. monocytogenes is considered infectious and capable of 
causing listeriosis in a susceptible host (Farber et al., 1996).  Using Monte Carlo 
analysis the probabilistic risk in ingesting L. monocytogenes in consuming coleslaw 
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obtained from food vendors in the Accra metropolis was estimated to be about 90%.  
The probability of falling ill on consuming coleslaw contaminated with L. 
monocytogenes (Fig. 4.5) was found to be almost 0.8. Figure 4.5 illustrates Weibull‘s 
probability distribution function in consuming coleslaw contaminated with L. 
monocytogenes.  
Probability Distribution Function
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Fig. 4.5: Weibull‘s probability distribution function in consuming coleslaw 
contaminated with L. monocytogenes. 
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According to Rocourt et al., (2003) scientific information currently available indicates 
that food borne listeriosis is associated with products in which initial levels of the 
pathogen have increased due to conditions supporting growth. Therefore with a 
potentially hazardous food such as RTE coleslaw, ingesting about 1.4 cfu/g of coleslaw 
or more could result in almost 80% illness (Fig. 4.5) with  severity depending on the 
host susceptibility and the virulence of the pathogen (FDA/USDA, 2003).   
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CHAPTER 5 CONCLUSION AND RECOMMENDATION 
5.1 CONCLUSION   
About one soup ladle (approximately 80g) of vegetables either raw or minimally 
processed such as coleslaw or cooked was consumed almost daily by fifty five percent 
of respondents in the Accra Metropolis. Although most respondents were aware about 
food borne illnesses (80.3%), and its causative agent(s) (84.7%), poor food safety 
practices were observed especially during the handling and preparation of vegetables. 
Thus due to these poor practices the risk of food borne illness occurring among 
consumers could be very high. 
The high prevalence of L. monocytogenes in both fresh cabbage (95.8%) and RTE 
coleslaw (80.1%) in the Metropolis gives an indication that consumers of commercially 
prepared coleslaws have been extensively exposed to the pathogen.  Consumers of 
commercially prepared coleslaw obtained from the Accra Metropolis stand at 90% risk 
in ingesting Listeria monocytogenes. Ingesting about 1.4 colony forming units per gram 
of L. monocytogenes through commercially prepared coleslaw obtained from the Accra 
Metropolis could result in almost 80% illness with severity depending on the host 
susceptibility and the organisms‘ virulence. The extent of L. monocytogenes 
contamination in RTE coleslaw suggests that human listeriosis could be prevalent 
among susceptible individuals in the Accra Metropolis. Effective washing and sanitizing 
or disinfecting fresh vegetables and also surfaces (e.g. chopping boards) that come in 
contact with vegetables during processing can contribute to a substantial reduction of the 
level of contamination by the pathogen. To achieve this, special emphasis must be laid 
on concentration of sanitizer/disinfectant, temperature of washing solution, contact time 
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between vegetable and washing solution and the use of some form of mechanical action 
such as agitation or scrubbing with a sponge to facilitate maximum reduction of the 
pathogen. 
5.2 Recommendation for intervention 
The various factors influencing the fresh vegetable cabbage before it reaches the 
consumer as  coleslaw i.e. the ‗farm-to-fork‘ assessment, suggests that risks due to L. 
monocytogenes in ready-to-eat coleslaws will be best managed by a combination of 
Good Agricultural Practice (GAP) and Good Manufacturing Practice (GMP) using the 
principles of Hazard Analysis Critical Control Point (HACCP) to achieve a low 
prevalence of L. monocytogenes on raw product and also to control any subsequent 
sources of contamination within the processing environment. 
Consumers and food handlers need to be educated on food safety practices and its 
impact on food borne illnesses. Consumers and food handlers need to be educated on the 
Time Action Chemical and Temperature program (TACT) in order to reduce 
contamination from pathogens including L. monocytogenes. 
5.2.1 Recommendation for further studies 
 
Risk assessment on L. monocytogenes infection by susceptible persons such as children, 
pregnant women and the elderly should be carried out.  
Animal studies should be carried out to determine dose response as well as the virulence 
of L. monocytogenes.  
 101 
Further studies should be conducted to establish Microbiological criteria for acceptable 
levels of L. monocytogenes in RTE foods by Regulatory bodies such as Ghana Standards 
Board and Food and Drugs Board. 
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APPENDICES 
Appendix 1 Questionnaire for consumer survey for vegetable consumption pattern 
and food safety perception and awareness 
DEPT. OF NUTRITION AND FOOD SCIENCE                                                
UNIVERSITY OF GHANA, LEGON. 
A CONSUMER SURVEY ON VEGETABLE CONSUMPTION PATTERN AND 
FOOD SAFETY AWARENESS AND PRACTICES BY CONSUMERS. 
Dear Sir/Madam,  
This questionnaire is part of a survey being conducted in line with my M.Phil Thesis on 
Risk of Listeria monocytogenes ingestion on consuming coleslaw purchased from food 
vendors in the Accra Metropolis. We seek to collect relevant information on consumers‘ 
vegetable consumption pattern and also their food safety perceptions and awareness. I 
kindly request you to provide answers to the questions asked as much as possible. I wish 
to assure you that the information gathered will be used for academic purposes only. 
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Thank you.  
Instructions: please tick as appropriate and provide answers where question is open- 
ended. 
SECTION A: DEMOGRAPHICS 
1. GENDER 
Male [   ]   Female [   ] 
2. AGE 
< 20       [    ] 
21-30      [    ] 
 31-40        [    ] 
 41- 50      [    ] 
 > 51      [     ] 
3. EDUCATION LEVEL 
Basic                                [       ] 
Secondary                        [       ] 
Technical/ Vocational     [       ] 
Tertiary                            [       ] 
4. RELIGION 
Christian                         [       ] 
Moslem                          [        ] 
Other (please specify)………………………………………………………… 
5. OCCUPATION 
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Civil servant                                            [     ] 
Teacher                                                    [     ] 
Lecturer                                                   [     ] 
Trader                                                      [     ] 
Other (please specify)………………………………………………… 
SECTION B: ACCESS TO BASIC AMENITIES 
6. Do you have access to the following basic amenities? 
i Potable Water                          Yes   [     ]               No             [      ] 
ii Electricity                                 Yes [     ]                  No          [      ] 
7. If no to question 6i, how do you get your supply of water? 
Buy from tanker operators                  [     ] 
Fetch from nearby borehole                [     ] 
Fetch from nearby tap                         [      ] 
Other (please specify)……………………………………………….. 
 
8. If yes to 6ii, is your electricity supply:  
i Regular             Yes   [    ]                                No        [     ] 
9. Do you have electricity: 
Every day of the week                              [    ] 
3 days in a week                                       [     ] 
5 days in a week                                       [     ] 
Other (please specify)…………………………………………….. 
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SECTION C: VEGETABLE CONSUMPTION PATTERN 
10. Tick among the following reason(s) why you consume vegetables. 
For its nutritional value                                  [     ] 
Just like vegetables                                         [     ] 
Was brought up that way and used to it          [     ] 
For health reasons                                           [     ] 
 
11. In what form do you consume vegetables. 
i Raw form (as salad/coleslaw)        [   ] 
ii Cooked form                                 [   ] 
iii Both raw and cooked form           [   ]  
 
12. If you consume vegetables raw, tick among the following methods of treatment 
before consumption.  
Wash vegetables with water only                                        [     ] 
Wash raw vegetables with salt water only                           [     ] 
Wash raw vegetables with salt water and vinegar               [     ] 
Other (please specify)…………………………………………………………… 
 
13. Tick among the following reason(s) why you wash your vegetables in that 
manner. 
To remove the soil and dirty particles on the vegetables                                        [   ] 
To eliminate all forms of pathogenic germs present on the vegetables                  [   ] 
To improve appearance of vegetables                                                                     [   ] 
To make vegetables keep longer                                                                             [   ] 
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14. If you consume your vegetables cooked, tick among the following methods of 
cooking you use 
        Boiling                                                                                                       [   ] 
        Steaming                                                                                                    [   ] 
        Stir frying                                                                                                   [   ] 
 
15. Tick among the following for how long you cook your vegetables 
1-2 minutes                                                                                                [    ] 
3-4 minutes                                                                                                [    ] 
5-6 minutes                                                                                                [    ] 
7-8 minutes                                                                                                [    ] 
9-10 minutes                                                                                              [    ] 
 
16. Tick among the following why you cook your vegetables for that amount of 
time. 
I prefer my vegetables semi cooked                                                               [    ] 
I prefer my vegetables well cooked                                                                [    ] 
I want to ensure total elimination of all forms of pathogenic germs present   [    ] 
I was brought up that way                                                                                [    ] 
 
17. About how much of vegetables do you consume? 
Half ladle full       [    ]  
One ladle full       [    ] 
Two ladles full      [    ] 
Other (please specify)…………………………………………………. 
 
18. How often do you consume vegetables? 
Daily                       [   ] 
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Weekly                   [    ] 
Twice weekly         [    ] 
Monthly                  [    ] 
Once in a while       [    ] 
 
19. Where do you normally consume vegetables? 
     At home                                                                                                  [    ] 
At restaurants                                                                                         [    ] 
At canteen                                                                                              [    ] 
At fast food joints                                                                                  [    ] 
Other (please specify)…………………………………………………………. 
 
20. What attracts you to vegetables on sale and makes you buy them? 
The cleanliness/appearance                                                                                    [    ] 
The freshness                                                                                                          [    ] 
The price                                                                                                                 [    ] 
Mode of display                                                                                                      [    ] 
Other (please specify)……………………………………………………………….. 
 
SECTION D: FOOD SAFETY AWARENESS AND PRACTICES  
21. Do you know about food borne illnesses?                   Yes [    ]/   No [     ] 
22. Tick among the following hazards you perceive to cause food borne illnesses. 
Pathogenic germs                                                                                               [    ] 
Agrochemical residues                                                                                       [     ] 
Foreign materials present in foods                                                                     [     ] 
Do not know                                                                                                       [     ] 
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23. Which of the following hazards do you consider most severe in causing food 
borne illness? 
Pathogenic germs                                                                                              [    ] 
Agrochemical residues                                                                                      [    ] 
Foreign materials present in foods                                                                    [    ] 
24. Tick among the following food borne microbial types you are aware of. 
Escherichia coli                                                                                             [    ] 
Salmonella typhimurium                                                                                [    ] 
Listeria monocytogenes                                                                                 [     ] 
Vibro cholerae                                                                                               [     ] 
Do not know any of them                                                                              [     ] 
 
25. The temperature of your refrigerator at home is? 
5°C (41°F)                                                                                                         [    ] 
10°C (50°F)                                                                                                       [    ] 
Do not have a refrigerator                [    ] 
Do not know                 [    ]                                                                                                                                                                               
 
26. How soon do you refrigerate perishable foods after purchase? 
Immediately after purchase                                                                                [    ] 
Within 1-4 hours after purchase                                                                         [    ] 
More than 4 hours after purchase                                                                        [    ] 
Do not know                                                                                                       [    ] 
 
27. Do you separate raw meat, poultry and fish from other foods in storage? 
Yes                  [    ]/       No                     [    ] 
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28. Do you warm leftover food kept in the fridge until: 
Hot and steamy                                                                                                 [    ] 
Sufficiently warm                                                                                             [    ] 
Do not reheat (eat it cold)                                                                                 [    ] 
 
29. Your chopping board at home is used for? 
Fruits and vegetables only                                                                                  [    ] 
Meat, poultry and fish only                                                                                [    ] 
Both poultry and vegetables                                                                               [    ] 
Both fish and vegetables                                                                                     [    ] 
 
30. After using the chopping board do you wash with: 
Soap and cold water only                                                                                   [    ] 
Soap and warm water only                                                                                 [    ] 
Soap and warm water and sanitizer only                                                            [    ] 
Do not wash board, wipe it                                                                                 [    ] 
 
31. After handling meat, poultry or fish, and before handling vegetables do you clean 
your hands with: 
Cold water only                                                                                                   [    ] 
Soap and cold water only                                                                                    [    ] 
Soap and warm water only                                                                                  [    ] 
Do not wash hands, wipe with a napkin          [    ] 
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Appendix 2 Sample size determination 
Sample size determination was done using the formulae: 
n = (Z* /2m)
2 
 
Where: 
n= sample size 
m= margin of error  
Margin of error (m) = 0.05 
Degrees of freedom (df) = ∞ (infinity) 
Z* obtained from t table = 1.960 
n = (1. 960/2 x.05)
2
  
n = 384.16 
Sample size was however, reduced to 300 due to financial and resource constraints, thus 
75% of the target population was met. 
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Appendix 3  Map of Accra Metropolitan Area 
 
Fig. 6.1: Accra Metropolitan Assembly Administrative Area. 
Source: Ghana Statistical Service. 
 
 
 
 145 
Appendix 4  Listeria enrichment media  
Difco
TM
 Listeria Enrichment Broth  
Component    weight (g/L) 
Soytone                     17.0 
Dextrose          3.0 
Sodium Chloride         2.5 
Dipotassium Phosphate        5.0 
Yeast Extract          6.0 
Cycloheximide         0.05 
Acriflavine Hydrochloride        0.015 
Nalidixic Acid          0.04 
pH = 7.3 ± 0.2 at 25°C 
 
Difco
TM
 UVM Listeria Enrichment Broth 
Component    weight (g/L) 
Pancreatic Digest of Casein        5.0 
Proteose Peptone No. 3        5.0 
Beef Extract          5.0 
Yeast Extract                  5.0 
Sodium Chloride         20.0 
Disodium Phosphate         9.6 
Monopotassium Phosphate        1.35 
Esculin          1.0 
Nalidix Acid           0.02 
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Acriflavine Hydrochloride           0.012 
pH = 7.2 ± 0.2 at 25°C 
 
Difco
TM
 Fraser Broth Base 
Component       weight (g/L) 
Pancreatic Digest of Casein        5.0 
Proteose Peptone No. 3        5.0 
Beef Extract          5.0 
Yeast Extract          5.0 
Sodium Chloride         20.0 
Disodium Phosphate         9.6 
Monopotassium Phosphate        1.35 
Esculin          1.0 
Nalidixic Acid         0.02 
Acriflavine Hydrochloride        0.024 
Lithium Chloride         3.0 
pH = 7.2 ± 0.2 at 25°C 
 
Difco
TM
 Fraser Broth Supplement 
 Component       weight (g/L) 
 Ferric Ammonium Citrate        0.5 
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Appendix 5  Listeria selective agars 
Oxford (CM1084) Chromogenic Listeria Agar (ISO) 
Component               weight (g/L) 
Enzymatic Digest of Animal tissues     18.0 
Enzymatic Digest of Casein      6.0 
Yeast Extract        10.0 
Sodium Pyruvate        2.0 
Glucose         2.0 
Magnesium Glycerophosphate      1.0 
Magnesium Sulphate (anhydrous)      0.5 
Sodium Chloride                     5.0 
Lithium Chloride        10.0 
Disodium Hydrogen Phosphate (anhydrous)      2.5 
X-glucoside mix         0.05 
Agar           12 
pH = 7.2 ± 0.2 at 25°C  
 
OCLA (ISO) Selective Supplement (SR0226E) 
Component         weight (mg/L) 
Nalidixic Acid         10.0 
Amphotericin          5.0 
Ceftazidime          10.0 
Polymyxin B          38,350IU 
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OCLA (ISO) Differential Supplement (SR0244E) 
Component          weight (mg/L) 
L-α-phosphotidylinositol solution          20.0 
 
Oxoid (CM0877) PALCAM Agar Base 
Component     weight (g/L) 
Columbia Blood Agar Base     39.0 
Yeast Extract       3.0 
Glucose          0.5 
Esculin       0.8 
Ferric Ammonium Citrate     0.5 
Mannitol       10.0 
Phenol Red       0.08 
Lithium Chloride                15.0 
pH = 7.2 ± 0.2 at 25°C 
 
PALCAM Selective Supplement 
Component     weight (mg/L) 
Polymyxin B      10.0mg 
Acriflavine hydrochloride    5.0mg  
Ceftazidime      20.0mg  
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Difco
TM
 Oxford Medium Base 
Component     weight (g/L) 
Pancreatic Digest of Casein    8.9 
Proteose Peptone No. 3    4.4 
Yeast Extract      4.4 
Beef Heart Infusion from 500g   2.7 
Starch       0.9 
Sodium Chloride      4.4 
Esculin      1.0 
Ferric Ammonium Citrate    0.5 
Lithium Chloride     15.0 
Agar       15.3 
pH = 7.2 ± 0.2 at 25°C 
 
Modified Oxford Antimicrobic Supplement  
Component      weight (mg) 
Colistin Sulfate    10.0 
Moxalactam     20.0  
BBL
TM
 Blood Agar Base: Infusion Agar 
Component     weight (g) 
Heart Muscle, Infusion from solids   2.0 
Pancreatic Digest of Casein    13.0 
Yeast Extract      5.0 
Sodium Chloride     5.0 
Agar       15.0 
pH = 7.3 ± 0.02 at 25°C 
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Appendix 6 Flowchart showing the process for the detection and enumeration of 
Listeria monocytogenes 
DETECTION 
Weigh 25 g of sample and add 225ml of enrichment broth. 
 
Homogenize by stomaching (foods). 
 
Incubate at 30°C ± 1°C for 24 ± 2 hours. 
 
Subculture broth to selective agar plates. 
 
Incubate selective agar plates at 37°C ±1°C for up to 48 hours in aerobic conditions. 
 
Examine at 24 ± 3 hours and Gram stain appropriate morphological colonies for 
confirmation. 
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ENUMERATION 
From enrichment broth up to 10
-3 
dilution of sample was prepared in buffered peptone 
water 
 
0.1ml of each dilution was aseptically seeded on two of each Listeria selective agar 
plates. 
 
Invert plates and incubate after 15 minutes at 37°C ± 1°C for up to 48 hours in aerobic 
conditions 
 
Examine at 24 ± 3 hours and after a further 24 ± 3 hours where necessary 
 
Subculture 5 presumptive colonies onto Blood agar 
 
Incubate at 37°C ± 1°C for up to 24 ± 3 hours 
 
Calculate the counts of L. monocytogenes per gram of sample. 
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Appendix 7 Table of results 
Table 1: Respondents alternative sources of water supply 
Statement         Number (%)  
 
From which alternative source do you obtain water supply?  
Occupation       Tanker        Borehole      Nearby tap      Not applicable      Total 
                             operator 
Civil servants  10 (3.3)       5 (1.7)     4 (1.3)           55 (18.3)              74 (24.7) 
Public servants  8 (2.7)       3 (1)             3 (1)               37 (12.3)             51 (17) 
Student   4 (1.3)        5 (1.7)         5 (1.7)             39 (13)              53 (17.7) 
Trader    9 (3)         7 (2.3)         4 (1.3)           13 (4.3)                33 (11) 
Teacher  7 (2.3)         5 (1.7)         3 (1)               22 (7.3)              37 (12.3) 
Unemployed  2 (0.7)         6 (2)        4 (1.3)            16 (5.3)              28 (9.3) 
Artisan  3 (1)         3 (1)     4 (1.3)            14 (4.7)               24 (8) 
Total   43 (14.3)    34 (11.3)      28 (9.3)         195 (65)       300 (100) 
P = 0.034 
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Table 2: Respondent‘s reason and the form in which vegetables were consumed  
Statement         Number (%)  
 
Reason for consuming vegetables    Age group 
    < 20          21-30     31-40  41-50         >51 Total 
Nutritional  8 (2.7)       67 (22.3)     40 (13.3)     20 (6.7)     7 (2.3)    142 (47.4)
    
 Health  7 (2.3)       35 (11.7)     29 (9.7)      10 (3.3)      1 (0.3)      82 (27.3) 
Like vegetables 4 (1.3)       13 (4.3)       15 (5)         4 (1.3)        6 (2)         42 (14) 
Raised that way           3 (1)         13 (4.3)       10 (3.3)       3 (1)         5 (1.7)      34 (11.3) 
Total   22 (7.3)     128 (42.7)    94 (31.3)   37 (12.3)   19 (6.3)   300 (100) 
P = 0.001 
Reason for consuming vegetables    Education level 
                                               Basic    Sec.        Tech./Voc.     Tert.             Total 
Nutritional   2 (0.7)     32 (10.7)    15 (5)            93 (31)        142 (47.3) 
 Health   2 (0.7)     22 (7.3)      11 (3.7)         47 (15.7)     82 (27.4) 
Like vegetables  1(0.3)    5 (1.7)         7 (2.3)         29 (9.7)         42 (14) 
Raised that way            1(0.3)    4 (1.3)         5 (1.7)         24 (8)    34 (11.3) 
Total                                6 (2)        63 (21)         38 (12.7)       193 (64.3)    300 (100) 
P > 0.05 
Form in which vegetable is consumed   Gender 
Male  Female  Total 
Raw (as salad/coleslaw)  8 (2.7)  4 (1.3)  12 (4)  
Cooked                                               33 (11)             18 (6)              51 (17)   
Both                                                   103 (34.3) 134 (44.7)  237 (79) 
Total               144 (42) 156 (52)           300 (100) 
P = 0.009 
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Table 2 cont‘d: Vegetable consumption and method of decontaminating vegetables 
Statement         Number (%)  
Form in which vegetable is consumed        Education level 
    Basic      Sec.        Tech. /Voc.         Tert.        Total  
Raw    2 (0.7)     4 (1.3)        1 (0.3)            5 (1.7)           12 (4) 
Cooked   1 (0.3)     10 (3.3)      7 (2.3)             33 (11)        51 (17) 
Both                                        3 (1)         49 (16.3)    30 (10)           155 (51.7)   237 (79) 
Total                                      6 (2)        63 (21)         38 (12.7)       193 (64.3)    300 (100) 
 
 
P = 0.015 
 
 
Form in which vegetable is consumed 
Occupation  Raw   Cooked        Both   Total 
Civil servants  3 (1)  10 (3.3)       61 (20.3)              74 (24.7) 
Public servants 2 (0.7)  8 (2.7)       41 (13.7)              51 (17) 
Student  3 (1)  8 (2.7)       42 (14)                53 (17.7) 
Trader   1 (0.3)  17 (5.7)      15 (5)                   33 (11) 
Teacher  1 (0.3)  5 (1.7)       31 (10.3)              37 (12.3) 
Unemployed  2 (0.7)  1 (0.3)              25 (8.3)                 28 (9.3) 
Artisan  0  2 (0.7)       2 (0.7)                   24 (8) 
Total   12 (4)  51 (17)      237 (79)               300 (100) 
P = 0.018 
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Table 3: Respondent‘s method of decontaminating vegetables   
Statement         Number (%)  
 
Method used in decontaminating vegetables  Gender 
 
Male  Female Total 
 
Water only             36 (12) 20 (6.7) 56 (18.7) 
 
Brine      53 (17.7) 80 (26.7)  133 (44.3) 
 
Brine and vinegar solution   35 (11.7) 46 (15.3) 81 (27) 
 
Warm brine and vinegar solution  2 (0.7)  2 (0.7)  4 (1.3) 
 
Not applicable     18 (6)  8 (2.7)  26 (8.7) 
 
Total      144 (48)           156 (52)          300 (100) 
 
P = 0.001 
 
 
 
 
Method used in decontaminating vegetables  Education level 
 
                                              Basic      Sec.        Tech. /Voc.     Tert.         Total 
 
Water only           2 (0.7)      11 (3.7)       8 (2.7)          35 (11.7)       56 (18.7) 
 
Brine    3 (1)         28 (9.3)      13 (4.3)         89 (29.7)      133 (44.3) 
 
Brine and vinegar solution 1 (0.3)      17 (5.7)      11(3.7)          52 (17.3)       81 (27) 
 
Warm brine and vinegar  
solution    0                 1(0.3)       0                  3 (1)                 4 (1.3) 
 
Not applicable   0        6 (2)         6 (2)            14 (4.7)            26 (8.7) 
 
Total                                     6 (2)        63 (21)       38 (12.7)      193 (64.3)      300 (100) 
 
P > 0.05 
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Method used in decontaminating vegetables             Age group 
 
                                           < 20         21-30     31-40        41-50        >51        Total 
Water only            4 (1.3) 26 (8.7)    15 (5)      7 (2.3)     4 (1.3)      56 (18.7) 
Brine            12 (4)      58 (19.3)   45 (15)     10 (3.3)    8 (2.7)    133 (44.3) 
Brine and vinegar solution  5 (1.7)    34 (10.7)   29 (9.7)     8 (2.7)    5 (1.7)     81 (27) 
Warm brine and vinegar       0            1 (0.3)       0              2 (0.7)      1 (0.3)          4 (1.3)   
solution 
Not applicable           1(0.3)     9 (3)         4 (1.3)      10 (3.3)      2           26 (8.7)  
Total                            22 (7.3)    128 (42.7)    94 (31.3)    37 (12.3)   19 (6.3)    300 (100) 
P = 0.002 
Reason for decontaminating vegetables    Gender 
 
          Male             Female  Total 
 
Remove soil and dirt      29 (9.7)      12 (4)          41 (13.7) 
 
Remove pathogens     81 (27)               115 (38.3)           196 (65.3)
           
 
 
Improve appearance                           15 (5)                 21 (7)                  36 (12) 
    
Not applicable      19 (6.3)               8 (2.7)          27 (9) 
 
Total                 144 (48)     156 (52)         300 (100) 
 
P = 0.007 
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Table 4: Vegetable cooking methods and duration of cooking 
Statement         Number (%)  
 
Method of cooking vegetable   Gender 
                                                   Male                Female                   Total 
Boiling                                        85 (28.3)         60 (20)                  145 (48.3) 
Steaming                                     34 (11.3)         53 (17.7)                87 (29) 
Stir-frying                                   15 (5)              17 (5.7)                   32 (10.7)  
Not applicable                             10 (3.3)          26 (8.7)                   36 (12) 
Total                                          144 (48)           156 (52)                  300 (100) 
P = 0.0001 
 
Method of cooking vegetables         Age group 
 
 
                                       < 20         21-30     31-40  41-50         >51 Total
          
Boiling       14 (4.7)     55 (18.3)   48 (16)        15 (5)      5 (1.7)   145 (48.3) 
 
Steaming       7 (2.3)       36 (12)      22 (7.3)      15 (5)        3 (1)         87 (29)
    
Stir-frying                        0               11(3.7)       6 (2)            3(1)         8 (2.7)    32 (10.7) 
  
   
Not applicable                  2 (0.7)      26 (8.7)     18 (6)            4 (1.3)      3 (1)       39 (13)
        
Total   22 (7.3)       128 (42.7)    94 (31.3)   37 (12.3)   19 (6.3)  300 (100) 
 
P = 0.0001 
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Method of cooking vegetables                    Education level  
        
                                            Basic      Sec.        Tech. /Voc.          Tert.         Total
         
Boiling          5 (1.7)       28 (9.3)         19 (6.3)           93 (31)       145 (48.3) 
  
Steaming         1 (0.3)       19 (6.3)          11 (3.7)           56 (18.7)      87 (29)
    
Stir-frying                          0                8 (2.7)            2 (0.7)             22 (7.3)       32 (10.7)  
 
Not applicable                    0                8 (2.7)            6 (2)               25 (8.3)         39 (13)
        
Total         6 (2)          63 (21)       38 (12.7)        193 (64.3)      300 (100)  
 
P > 0.05 
 
Duration of cooking vegetables                                    Gender 
                                                          Male                Female                    Total 
1 – 2                                                  20 (6.7)             37 (12.3)                 57 (19) 
3 – 4                                                  33 (11)              47 (15.7)                  80 (26.7) 
≥ 5                                                     87 (29)              68 (22.7)                  155 (51.7) 
Not applicable                                   4 (1.3)               4 (1.3)                     8 (2.6) 
Total                                               144 (48)             156 (52)                   300 (100) 
P = 0.017 
Duration of cooking vegetables (mins.)      Education level 
 
                                                  Basic        Sec. Tech./Voc.       Tert.         Total 
 
1 - 2                           1 (0.3)     16 (5.3)        8 (2.7)        32 (10.7)      57 (19)
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3 – 4                                         0             18 (6)          10 (3.3)       52 (17.3)       80 (26.7) 
 
 ≥ 5                           5 (1.7)     26 (8.7)       20 (6.7)       104 (34.7)    155 (51.7)
    
 Not applicable    0      3 (1)               0                5 (1.7)          8 (2.7) 
 
Total                                      6 (2)        63 (21)       38 (12.7)    193 (64.3)      300 (100) 
 
P > 0.05 
Reason for duration of cooking vegetable     Education level 
 
                                                Basic        Sec.        Tech./Voc.       Tert.       Total 
 
Prefer semi-cooked                 3 (1)       34 (11.3)    18 (6)           97 (32.3)   152 (50.7) 
Prefer well-cooked                  0               7 (2.3)      8 (2.7)         45 (15)       60 (20) 
Ensure elimination of            
pathogens                                2 (0.7)     13 (4.3)        5 (1.7)       36 (12)       56 (18.7) 
Raised that way                       1(0.3)      6 (2)               7 (2.3)     10 (3.3)     24 (8) 
Not applicable                         0              3 (1)               0              5 (1.7)       8 (2.7) 
Total                                     6 (2)          63 (21)       38 (12.7)    193 (64.3)   300 (100) 
P > 0.05 
 
 
 
 
 
 
 
Table 5: Quantity of vegetable consumed 
Statement          Number (%)  
 
Quantity of vegetables consumed    Gender 
     Male  Female Total 
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Half     27 (9)  18 (6)  45 (15) 
One     59 (19.7) 51 (17) 110 (36.7)  
Two     48 (16) 61 (20.3) 109 (36.3) 
Cannot quantify   10 (3.3) 26 (8.7) 36 (12) 
P = 0.044 
 
Quantity of vegetables consumed (in soup ladle)   Age group 
 
                                   < 20             21-30   31-40         41-50       >51            Total 
Half                            5 (1.7)     21 (7)          14 (4.7)         3 (1)        2 (0.7)           45 (15) 
One              7(2.3)       49 (16.3)      35 (11.7)    15 (5)        4 (1.3)      110 (36.6) 
Two          6 (2)        47 (15.7)      36 (12)       14 (4.7)     6 (2)         109 (36.3) 
Cannot quantify  4 (1.3)     11 (3.7)         9 (3)           5 (1.7)      7 (2.3)         36 (12) 
 Total    22 (7.3)    128 (42.7)    94 (31.3)    37 (12.3)   19 (6.3)    300 (100) 
 
P = 0.002 
 
 
 
 
 
 
 
 
 
Table 6: Attributes considered in by respondents in vegetable purchase  
Statement          Number (%)  
 
What informs you in buying vegetables                         Education level 
Basic       Sec.         Tech./Voc. Tert.         Total 
Freshness   1(0.3)       43 (14.3)      19 (6.3)         108 (36)    171 (57) 
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Cleanliness/appearance  1(0.3)       8 (2.7)          9 (3)              37 (12.3)    55 (18.3) 
Price     2 (0.7)        5 (1.7          12 (4)             29 (9.7)       48 (16) 
Mode of display              2 (0.7)        7 (2.3)         8 (2.7)             9 (3)           26 (8.7) 
Total                6 (2)         63 (21)        38 (12.7)       193 (64.3)    300 (100) 
P = 0.001 
Occupation   Freshness     Cleanliness         Price    Mode of display Total 
                                              & appearance 
Civil servants      53 (17.7)   12 (4)                4 (1.3)           5 (1.7)           74 (24.7) 
Public servants     25 (8.3)         10 (3.3)      8 (3)            8 (2.7)            51 (17) 
Student       23(7.6)     9 (3)                 10 (3.3)           9 (3)               53 (17.7) 
Trader        11 (3.7)   8 (2.7)      5 (1.7)          9 (3)                33 (11) 
Teacher       14 (4.7)   7 (2.3)                6 (2)             6 (2)                37 (12.3) 
Unemployed        8 (2.7)   4 (1.3)             10 (3.3)        6 (2)                28 (9.3) 
Artisan        7 (2.3)   5 (1.7)      8 (2.7)          4 (1.3)              24 (8) 
Total      171 (57)  55 (18.3)     48 (16)       26 (8.7)         300 (100) 
P > 0.05 
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Table 7: Respondent‘s awareness of food borne pathogens 
  
Statement         Number (%)  
 
What do you perceive to cause FBI?             Education level  
 
     Basic      Sec.        Tech./Voc.         Tert.        Total 
 
Pathogens                        5 (1.7)      24 (8)         10 (3.3)             72 (24)         111 (37) 
 
Agrochemical residue            0              14 (4.7)     15 (5)               44 (14.7)      73 (24.3)
  
Foreign materials in foods 1 (0.3)       7 (2.3)       5 (1.7)             21 (7)           34 (11.3) 
 
All of three    0              6 (2)            0                     30 (10)          3 (12)          
 
Do not know    0              12 (4)          8 (2.7)            26 (8.7)        46 (15.3)                   
 
Total                                       6 (2)        63 (21)         38 (12.7)       193 (64.3)    300 (100) 
 
P = 0.023 
 
 
Which of these organisms do you know?                                    Age group 
 
                                        < 20         21-30        31-40         41-50         >51     Total 
 
E. coli                               0            18 (6)         8 (2.7)        2 (0.7)       3 (1)   31 (10.3) 
  
S. typhi                     5 (1.7)   16 (5.3)       6 (2)          8 (2.7)       3 (1)    38 (12.7)
          
Listeria monocytogenes    0             3 (1)          1 (0.3)       2 (0.7)       1 (0.3)     7 (2.3) 
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Vibro cholerea       10 (3.3)  50 (16.7)    35 (11.7)   3 (1)       2 (0.7)      100 (33.4)
        
Do not know        7 (2.3)    41 (13.7)    44 (14.7)   22 (7.3)   10 (3.3)   124 (41.3) 
 
Total                                22 (7.3)  128 (42.7)   94 (31.3)  37 (12.3) 19 (6.3)   300 (100)         
 
P = 0.011 
 
 
 
Which of these organisms do you know?         Education level                            
  
                                                       Basic Sec.      Tech./Voc.    Tert.       Total
  
E. coli                                            1(0.3)       7 (2.3)        4 (1.3)           19 (6.3)   31 (10.3) 
  
S. typhi                                  1 (0.3)      6 (2)           2 (0.7)           29 (9.7)   38 (12.7)
          
Listeria monocytogenes                 0               2 (0.7)         1 (0.3)        4 (1.3)    7 (2.3) 
 
                  
Vibro cholerea         2 (0.7)      20 (6.7)       17 (5.7)      61 (20.3) 100 (33.4)    
 
Do not know         2 (0.7)       28 (9.3)      14 (4.7)       80 (26.7) 124 (41.3) 
 
Total                                             6 (2)       63 (21)        38 (12.7)   193 (64.3)    300 (100) 
 
P > 0.05 
 
 
 
 
 
 
 
 
 
 
 
Table 8: Respondent‘s food safety knowledge and practices 
 
Statement        Number (%) 
 
The temperature of your home refrigerator is?    Gender 
 
Male   Female      Total 
5°C         54 (18)   35 (11.7) 89 (29.7) 
 164 
10°C         28 (9.3)          24 (8)    52 (17.3) 
Do not know       55 (18.3)   91 (30.3)   146 (48.7) 
Not applicable     7 (2.3)   6 (2)   13 (4.3) 
Total                                                                144 (48)          156 (52)          300 (100) 
P = 0.009 
In storage do you separate raw meat      Education level 
and fish from vegetables? Basic      Sec.        Tech./Voc.         Tert.        Total 
 
Yes     2 (0.7)      49 (16.3)       26 (8.7)     165 (55)        241 (80.3) 
Not applicable   0            5 (1.7)            4 (1.3)         4 (1.3)            13 (4.3) 
Total                                       6 (2)        63 (21)         38 (12.7)       193 (64.3)    300 (100) 
 
P = 0.007 
 
How do you treat leftover food before consumption?   Education level 
                                                  Basic       Sec.          Tech./Voc.         Tert.          Total 
 
Warm till hot and steamy   5 (1.7)     34 (11.3)    12 (4) 111 (37)     162 (54)
  
Sufficiently warm    0              29 (9.7)       24 (8)         67 (22.3)        120 (40)       
 
Warm food sometimes   1 (0.3)      0     2 (0.7) 6 (2)  9 (3)
  
Do not warm                 0        0      0    9 (3)  9 (3) 
 
 
Total                                       6 (2)        63 (21)         38 (12.7)       193 (64.3)    300 (100) 
 
P = 0.002 
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Table 9: Food safety practices during food preparation 
 
Statement        Number (%) 
 
 
Your chopping board at home is used for?                          Education level 
                                                      Basic       Sec.        Tech./Voc.        Tert.         Total 
 
Multipurpose   6 (2)    52 (17.3) 28 (9.3)       143 (47.7)    229 (76.3) 
Have board for vegetables   
and board for meat and fish.     0    11(3.7) 10 (3.3)         50 (16.7)      71 (23.7)  
 
Total                                       6 (2)        63 (21)         38 (12.7)       193 (64.3)    300 (100) 
 
P > 0.05 
 
After using the chopping board do you clean with;              Age group 
 
                                           < 20         21-30        31-40       41-50         >51       Total 
Soap and cold water         8 (2.7)    73 (24.3)    51 (17)     22 (7.3)    13 (4.3)  167 (55.6) 
Soap and warm water         11(3.7)   49 (16.3)    38 (12.7)    13 (4.3)   4 (1.4)  116 (38.7) 
Soap, warm water and        1(0.3)      6 (2)          4 (1.3)        2 (0.7)      2 (0.7)      15 (5) 
sanitizer   
Do not wash board,             1                0              1                 0                0          2 (0.7) 
wipe with napkin   
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Total                            22 (7.3)    128 (42.7)    94 (31.3)    37 (12.3)   19 (6.3)    300 (100)  
P = 0.04 
 
 
 
After handling meat/fish and before you                           
handle vegetables do you wash hands                              Age group 
 
                                          < 20         21-30       31-40        41-50        >51        Total 
Soap and cold water           12 (4)      66 (22)    54 (18)      26 (8.7)    8 (2.7)     166 (55.3) 
Soap and warm water         9 (3)        36(12)     22 (7.3)     5 (1.7)      5 (1.7)     77 (25.7) 
Rinse with cold water only  1 (0.3)    24 (8)       17 ()          6 (2)          3 (1.7)     51 (17) 
Handle vegetables first        0             2 (0.7)      1 (0.3)        0               3 (1)         6 (2) 
Total                                 22 (7.3)   128 (42.7)  94 (31.3)   37 (12.3)   19 (6.3)  300 (100) 
P = 0.004 
After handling meat/fish and before you                           
handle vegetables do you wash hands with?                   Education level 
       
                                                           Basic    Sec.       Tech./Voc.    Tert.       Total 
 
Soap and cold water            5 (1.6) 32 (10.7)     18 (6)  111 (37)   166 (55.3) 
 
Soap and warm water            0            17 (5.7)      10 (3.3)     50 (16.7)    77 (25.7) 
 Rinse with cold water          1 (0.3) 13 (4.3)       9 (3)         28 (9.3)       51 (17) 
Handle vegetables first          0             1 (0.3)        1 (0.3)  4 (1.3)          6 (2) 
Total                                                6 (2)        63 (21)       38 (12.7)   193 (64.3) 300 (100) 
P > 0.05 
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Table 10: Enumeration of  L. monocytogenes in fresh cabbage samples purchased from 
markets and groceries in the Accra Metropolis. 
Location              No. of samples              Enumeration (mean cfu /g)  
Market: 
Accra North   3               32.3  
Accra South   3    37.2  
Accra East   3    29.51 
Accra West   3    33.45   
Road side stalls: 
Accra North   3    26.3  
 Accra South   3               23.11 
Accra East   3              28.04 
Accra West               3               28.41   
   
P > 0.05 
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Table 11: Enumeration of  L. monocytogenes in coleslaw samples purchased from streets 
and restaurants in the Accra Metropolis. 
Location    No. of samples  Enumeration (mean cfu /g)          
Street: 
Accra North   9            13.85  
Accra South   9            25.67        
Accra East   9            29.5  
Accra West   9            45.61  
Restaurant: 
Accra North   9           12.5     
Accra South   9           28.59    
Accra East   9           28.16    
Accra West   9           20.22    
P > 0.05 
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